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PREFACE 


This report is one in a series that provides an ecological description 
of Florida's guif coast. The watershed described herein, with its myriad 
tropical and svbtropical communities, produces many benefits to man. The 
maintenance of this productivity through enlightened resource management 
is a major goal of this series. This report will be useful to the many 
participants that govern the use of the natural resources of the watershed. 


Any questions or comments about or requests for this publication should 
be directed to: 


Information Transter Specialist 
National Coastal Ecosystems Team 
U.S. Fish and Wildlife Service 
NASA Slidell Computer Complex 
1010 Gause Boulevard 

Slidell, Louisiana 70458 








SUM AK ¥ 


Southwest Florida contains a variety o: natural resources that have 
contributed to the development of the area inte an important industrial, 
shipping, agricultural, sport and comniercisi fishing, recreational, and 
retirement center in the eastern Gulf of Mexico. As growth continues the 
finite natural resources of the area will diminish in both quality and 
quantity. Future management of the remaining resources requires careful 
consideration to preserve a productive balance between man and nstire. 
Often, in deciding where this line lies, iherae is considerable uncer taiviy 
about the composition, interaction, and valve of the living resources in an 
area. This report is an extensive review anc synthesis of the availanle 
literature on the ecology of the Caloosahatchve @iver/Big Cypress watershed. 
The report will be used by the U.S. Fish anci Wildlife Service, and the 
Mineral Management Service to plan for thy «evelopment of oi! and gas 
reserves offshore of southwest Florida. This document is divided into two 
parts. The first part describes the geology, physioaraphy, climate, and the 
characteristics of ground and surface waters. The remainder of the report 
focuses on plant succession and communities, anc with the watershed's fish 
and wildlife, their habits and habitat preferences. 
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CHAPTER 1 
INTRODUCTION 


1.1 PURPOSE AND ORGANIZATION 
OF THE REPORT 


In recent years man's cultural 
and economic development has accel- 
erated at an unprecedented pace. 
Inevitably this development precipi- 
tates rapid change in the environ- 
ment. Major examples are habitat 
alteration, such as_ urbanization 
and dredging, sewage and industrial 
effluent discharge, ground and sur- 
face water diversion, and urban and 
agricultural runoff. 


Within the highly developed and 
rapidly changing coastal regions of 
scuthwest Fiorida, a fine line is 
emerging between vigorous economic 
development and the preservation of 
a productive balance between man and 
nature. Often, in deciding where 
this line lies, there is consider- 
able uncertainty about the compo- 
sition, interaction, and value of 
the l'ving resources in a particular 
area. This report is an extensive 
review and synthesis of the avail- 
able literature on the ecology of 
and environmental alterations in 
the Caloosahatchee River /Big Cypress 
wetershed. 


In contrast to most literature 
reviews and syntheses, this report 
deliberately crosses’ disciplinary 
boundaries in an attempt to focus 
on how a watershed functions as an 
integrated ecological system. At 
the core of this focus is the basic 
question, "How do energies and mate- 
rials flow through the Caloosahatch- 
ee River/Big Cypress waiershed?" 


This report is divided into two 
parts, one on physical/chemical 
background conditions, and the other 


on biological resources. The first 
part (Chapters 2 through 4) de- 
scribes the geology and physiography 
of the study area, its climate, and 
the characteristics of ground and 
surface waters. Chapter 5 discusses 
the concept of watershed energetics 
for the Caloosahatchee’ River/Big 
Cypress watershed and attempts to 
describe the meshing of man‘s socio- 
economic structure with the area's 
natura! setting. Chapter 6 describes 
plant succession and communities, 
and Chapter 7 deais with fish and 
wildlife, their habits, and habitat 
preferences. 


1.2 THE CALOOSAHAT CHEE 
RIVER/BIG CYPRESS 
WATERSHED 


This region (Figure 1) consists 
of the watersheds and estuaries of 
the Caloosahatchee River, the Big 
Cypress Swamp, Estero Bay, and 
Corkscrew Swamp, and corresponds to 
United States Geological Survey 
hydrologic units 03090205 and 
03090204. The upper watershed is 
dominated by the canalized Caloosa- 
hatchee River that runs from Lake 
Okeechobee to the Franklin Locks. 
A series of three lock structures 
control flow and stage in the river. 
Many of the tributaries to the 
Caloosahatchee River have also been 
canalized for drainage and _ irriga- 
tion purposes and are equipped 
with weirs and pumps for localized 
control. 


The upper rcach of the Caloo- 
sahatchee River estuary is the 
salinity~control structure (Franklin 
Locks) near the town of Olga. This 
long and narrow estuary borders the 
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Figure 1. The Caloosahatchee River/Big Cypress watershed. 
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cities of Fort Myers and Cape Coral, 
and empties into San Carlos Bay in 
the lee of Sanibel and Pine Islands. 
These islands are considered part 
of the Charlotte Harbor estuarine 
system. 


The Big Cypress watershed 
(hydrologic unit 03090204) consists 
of the Estero Bay watershed, the 
Corkscrew Swamp watershed, and the 
Big Cypress Swamp. The Estero Bay 
watershed encompasses the drainage 


of small streams inio “stero Bay. 
The ill-defined Corkscrew Swamp 
watershed begins near Lake Trafford 
and runs southwesterly toward the 
coast. The Big Cypress Swamp in- 
cludes the numerous cypress domi- 
nated sloughs and strands flowing 
roughly southwest and perpendicular 
to the Tamiami Canal. The surface 
waters of this gently sloping area 
discharge into the Gulf of Mexico 
through the Ten Thousand Islands 
region. 


' AHOV AVAL Bee 
AVAIL. Oe 














CHAPTER 2 
GEOLOGY AND PHYSIOGRAPHY 


2.1 STRUCTURE AND GEOLOGIC 
SETTING 


The Floridan Plateau (Figure 
2), originally named by Vaughan 
(1910), is the land mass that sepa- 
rates the Gulf of Mexico from the 
Atlantic Ocean. It includes not 
only the State of Florida but an 
equal area of submerged ocean shelf 
west to a depth of 50 fathoms (91 m 
or 300 ft). The plateau underlies 
the Caloosahatchee River/Big Cypress 
watershed as well as a large avea of 
the Gulf of Mexico. In the Gulf, 
the plateau's bottom slopes gently 


away from the west coast of Florida, 
but it drops off sharply just south 
of the Keys into the Straits of 
Florida. The median axis of the 
plateau passes through Key West, 
Bradenton, Sarasota, Cedar Keys, and 
Madison, Florida (Cooke 1945). 


A reference chart for the 
ensuing discussion of geologic 
structure and stratigraphy is given 
in Table 1. More detailed tables 
correlating specific rock formations 
and facies in Florida with geologic 
periods may be found in Cooke (1945) 
and Puri and Vernon (1964). 
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Figure 2. The Floridan Plateau (adapted from Chen 1965). 











Table 1. Geological eras and formations of the Floridan Plateau. 
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Structurally, the area under 
consideration in this report lies 
within what Pressler (1947) refers 
to as the Florida Peninsula sedimen- 
tary province. This province is one 
of two distinct sedimentary facies, 
clastic (panhandle Florida) and non- 
clastic (peninsula Florida), that 
segregate Florida's early Tertiary 
stratigraphy (Paleocene and Eocene). 
These two sedimentary facies were 
separated by the Suwannee Channel 
(Figure 2), which served as a nat- 
ural sedimentational and _ faunal 
barrier. It occupied a narrow NE 
to SW trending belt, from southern 
Geor gia to northern Florida's 
Apalachicola Bay, during the late 
Cretaceous to upper Eocene (Chen 
1965). Nonclastic sediments, which 
dominate the Florida peninsula, are 
primarily carbonates and anhydrites, 
that are chemically or biologically 
produced, in contrast to sediments 
generated by weathering or erosional 
processes. 


Of particular significance in 
the watershed is. the structural 
feature of the peninsula identified 
as the South Florida Shelf. This 
term was applied by Applin = and 
Applin (1964) to a _ shallow shelf 
generally paralleling and_ inclusive 
of the lower southwest coast (Puri 
and Vernon 1964). Pressler (1947) 
believes that antclinal folds are 
the most prevalent type of struc- 
tures within the South’ Florida 
Shelf. Although probably occurring 
as secondary structural features, 
faults should also be common in this 
area. Based on the configuration of 
the surface of the submerged areas, 
Pressler (1947) believes the Floriaa 
Peninsula is bounded on the south 
and east by major fault zones. These 
faults are probably due to conti- 
nental movements in addition to 
settling, compacting, and continuous 
downwarping of the sedimentary fill. 
These factors contribute localized 





structural features significant to 
the accumulation of oi! (Winston 
1971). 


The oil deposits of south 
Florida are generally confined to 
the Sunniland Limestone of the lower 
Cretaceous Trinity Age found in the 
Big Cypress watershed, as_ illus- 
trated in Figure 3. Of the 72 holes 
drilled in the Big Cypress National 
Preserve, as of 1977, only 12 pro- 
duced oil. The current status of 
each well, permit changes, and 
drilling progress are summarized 
in a weekly newsletter, "Florida 
Petroleum Report", which may be 
obtained from the Florida Bureau of 
Geology in Tallahassee. The oil- 
producing zone of the Sunniland 
Limestone varies in depth (2,925 to 
3,590 m or 9,597 to 11,779 ft) and 
in lithology. A comparison of two 
of the more productive fields illus- 
trates the stratigraphic variation. 
The Bear Island Field represents an 
elongated, low-relief anticline, 
whereas the Sunniland Field lies 
over a slight dome, possibly a reef 
structure, which may be associated 
with natural adjustments of rock 
masses within the earth's crust and 
associated faults. In both fields, 
the oil traps are gentle anticlines 
associated with  biostromal reefs 
{Quever et al. 1979). More detail 
on the south Florida oil field 
geology may be obtained from. the 
Florida Division of Resource Manage- 
ment or from reports listed in the 
Florida Bureau of Geology "List of 
Publications". 


According to Applin and Applin 
(1964), the floor of the coastal 
plain in the Florida Peninsula is 
the truncated surface of a variety 
of igneous and sedimentary rocks 
that are chiefly Precambrian and 
early Paleozoic in age. Unfor tu- 
nately, most of the work conducted 
on underlying pre-Mesozoic rocks in 


























Figure 3. South Florida oil fields 
{adapted from Duever et al. 1979). 


Florida is restricted to northern 
Florida. One of the primary reasons 
for this is the volume of sedimen- 
tary fill overlying the coastal 
plain floor in southern Florida. A 
number of investigators (Pressler 
1947, Antoine and Harding 1963, 
Applin and Applin 1964, Applin and 
Applin 1965) place the pre-Mesozoic 
floor at 3,658 to 6,096 m (12,000 
to 20,000 ft) below mean sea level. 
Figure 4 (from Puri and Vernon 
1964) summarizes the stratigraphic 
relationships of the pre-Cenozoic 
Floridan Peninsula. 


2.2 TERTIARY STRATIGRAPHY 


The generalized geologic column 
for Cenozoic rock in the watershed 
is illustrated in Figure 5. The 
oldest Tertiary rock layer beneath 
the Caloosahatchee River/Big Cypress 
watershed is the Cedar Keys Forma- 
tion, a light-gray mixture of dolo- 
mites and evaporites (gypsum and 
anhydrite) of marine origin belong- 
ing to the Midway Group of the 
Paleocene Series of Florida (Chen 
1965). In central and southern Flor- 
ida, the formation is essentially 
nonfossiliferous with a relatively 
high evaporite content ranging from 
25% to greater than 40%. The thick- 
ness of the Cedar Keys Formation 
exceeds 610 m (2,000 ft) in the 
Study area near the Sunniland oil 
field. 


The Oldsmar Limestone of the 
Sabine Stage overlies the Cedar Keys 
formation. This chalky white to 
light-brown, rather pure, finely 
fragmented, «nd _ fossiliferous lime- 
stone unit represents the earliest 
formation of the Eocene. A _ thick 
dolomite section of the Lake City 
Limestone overlies it. The Oldsmar 
Limestone is of marine and deltaic 
clastic origin and ranges’ from 
less than 244 to over 366 m (800 to 
1,200 ft) thick in the watershed 
(Chen 1965). The Clairborne Stage 
{middie Eocene), which overlies 
the Oldsmar Limestone, is composed 
almost entirely of dolomite and 
limestone with minor amounts of 
evaporite and thin beds of com- 
pressed peat. Two formations, the 
Lake City Limestone and the Avon 
Park Limestone, form the Clairborne 
Stage in the study area. The older 
of the two, the Lake City Limestone, 
is a dark-brown, chalky limestone 
facies which gradually thins from 
central Florida southwestward (Chen 
1965, Puri and Winston 1974). The 
Avon Park Limestone is a cream col- 


ac . AAP rtearte LE 
; wy a 


; " 
Ptr. 










































































PANHANDLE PENINSULA 
WEST EAS! NORTH CENTRAL SOuTH | 
© 
a tu) @y Pad awe | Om et 
i 
i] 5 
oe 
& 
ii 
- BU tew 
3 = e s 
gs z 
= oY gy 
g $ rr 
5 8 Pa x? 
a} zi¢ 7 -< 
= g e " taht 
x 4 
5) ° on 
Y COMANCHE 6 CONT 
©) GULF 
N - 
9 . WASH A AGI 
: 2 - 
Fd 
cm 
2 ‘ newly « 
o _paoe 
a 
JUMASSIC | sumassic ng 
ORE = or LOWER yaa 
ORE TACEOUS 














TRIASSIC 
NEWARK 
GROUP 
22 

















PALEOZOIC 

















PRE CAMBRIAN OF 
LOWER PALEOZOIC 





PRE CAMBRIAN ~ 








AGE UNKNOWN 











Figure 4. Stratigraphic nomenclature of pre-Cenozoic strata in the 
Florida peninsula (adapted from Puri and Vernon 1964). 
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column of Cenozoic rocks (adapted 
from Puri and Winston 1974). 


ored chalky limestone, and brown to 
dark-brown, rather porous dolomite, 
which reaches a maximum thickness 
exceeding 244 m (800 ft). The last 
and most recent stage of the Eocene 
series is the Jackson, represented 
by limestones of the Ocala group. 
These limestones are chalky white to 
light brown, porous, and _ poorly 
consolidated, and reach a maximum 
thickness of more than 122 m (400 
ft). Included in this group, in 
ascending order are: Inglis, Willis- 
ton, and Crystal River Formations. 
Only the Crystal River Formation 


underlies the entire watershed, 
whereas the Williston and _ Inglis 
Formations thin out southward (Puri 
and Vernon 1964). 


The sole representative of the 
Oligocene series is the Suwannee 
Limestone, which is a white to 
cream-colored, compact, finely po- 
rous, fossiliferous limestone (Jakob 
and Waltz 1980). The formation 
generaliy thickens to the south, 
varying from 61 to 107 m (200 to 
350 ft) in the watershed (Puri and 
Winston 1974, Jakob and Waitz 1980, 
Burns 1983, Peacock 1983). 


The Suwannee Limestone is over- 
lain unconformably by either the 
Tampa or Hawthorn Formations of the 
Miocene series. These formations 
consist of approximately 213) m 
(700 ft) of intermixed clastic and 


nonclastic materials with varying 
lithologies, including mixtures of 
sandstone, olive-drab _ siltstone, 


brown or olive shale, loose shells, 
and white, sandy limestone, with 
phosphorite or plastic clay (Puri 
and Winston 1974). Clay portions of 
the Miocene formations exhibit very 
low permeability and act as an aqui- 
clude over the porous and permeable 
Suwannee Limestone. These formations 
contain the first substantial depos- 
its of clastic sediments from. the 
Cenozoic era, marking a distinct 
shift of the Floridan’ peninsula's 
depositional environment. In the 
interval between the Suwannee Lime- 
stone (Oligocene) and the Tampa 
Formation (early Miocene), the Ocala 
Uplift developed. During subsequent 
formations deposition was controlled 
by this uplift, as evidenced by the 
thinning and pinching out of younger 
strata from south (Key Largo) to 
north (Ocala) or towards the crest 
of the uplift (Jakob and Waltz 
1980). Shorelines during this time 
(Miocene) extended eas far south as 
central Florida. 














The lower Miocene is represent- 
ed by the Tampa Limestone which is a 
grayish-yellow to cream, sandy lime- 
stone containing some marl. The 
sand content (predominantly quartz) 
increases to the north as the forma- 
tion Uins. In southwest Florida 
the Tampa Limestone thickens from 
northeast Glades County to western 
Lee County (Jakob and Waltz 1980, 
Burns 1983). 


Above the Tampa Limestone is 
the Hawthorn Formation, which is an 
interbedding of marine, light-green 
to gray, sandy clays and sandy 
limestones containing numerous fish 
and invertebrate fossils. In the 
watershed the formation varies in 
thickness from 30 to 245 m (100 to 
800 ft), and like the Tampa Lime- 
stone below it, thins toward the 
crest of the Ocala Uplift. In the 
western coastal areas, the formation 
most closely approaches the surface, 
ranging from 15 to 46 m (50 to 150 
ft) below mean sea level (ms!) 
(Puri and Vernon 1964, Jakob and 
Waltz 1980). 


The upper Miocene to late Plio- 
cene is represented in south Florida 
by the Tamiami Formation, which con- 
sists of approximately 46 m (150 ft) 
of limestone, calcareous clay, 
green-aluminous clay, and sand. The 
formation thickens to the south and 
east of the Caloosahatchee River 
basin and represents the oldest 
formation of its era to exhibit out- 
crops in the watershed, specifically 
along the Caloosahatchee River and 
in ditches along the Tamiami Trail 
(State Highway 41) for which it was 
named. Elsewhere the formation 
varies in depth from about 5 to 30 m 
{15 to 100 ft) below land surface 
(Puri and Vernon 1964, Dubar 1974, 
Hunter 1978, Jakob and Waltz 1980, 
Jakob 1983). 


The post-Eocene stratigraphy in 
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southwest Florida has recentiy been 
revised by some authors based on 
lithologic, rather than paleontolog- 
ic criteria (Kirg and Wright 1979, 
Mooney et al. 1980, Peacock 1983). 
The result is a recognition of the 
Tampa Limestone Formation only in 
west-central Florida, as spacially 
described by King and Wright (1979), 
and not in south Florida. The strata 
normally assigned to the Tampa Lime- 
stone is instead considered part of 
the Hawthorn Formation (Peacock 
1983). Peacock (1983) also expands 
the Hawthorn to include the upper 
Suwannee Limestone (Cole 1941), and 
all but the upper Tamiami Formation 
(Parker 1951). The latter revision 
(reduction of the Tamiami Formation) 
is based on a recent redefinition of 
the Tamiami Formation by Hunter and 
Wise (1980). 


In south Florida the Tamiami 
Formation extends to the late Plio- 
cene (Dubar 1974, Hunter 1978). The 
only other formation that suggests a 
Pliocene origin is the Caloosahatch- 
ee Marl. The uncertainty reflects a 
current debate over the Caloosa- 
hatchee Formation's placement in the 
Pliocene (Parker et al. 1955), the 
Pleistocene (Dubar 1958a), or an 
undefined transition zone referred 
to as the Plio-Pleistocene (Brooks 
1974). Hunter (1978) concurs with 
Dubar (19584) and further suggests 
it be considered as a member of the 
Fort Thompson Formation, as such 
encompassing all the interbedded 
marine, brackish, and fresh water 
deposits of roughly Pleistucene age 
{10,000 to 1,800,000 years B.P.). 
The Pliocene (1.8 to 5.0 million 
years B.P.) would be represented 
only by the Tamiami Formation. 
Figure 5 illustrates Hunter's (1978) 
suggested stratigraphic classifica- 
tion and reported radiometric dates. 
Dubar's (1974) scheme is in agree- 
ment with a Pleistocene origin for 
the Caloosahatchee, but recognizes 
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the deposit as a formation in itself 
rather than as a member of the Fort 
Thompson Formation. For purposes of 
this report, the Caloosahatchee will 
be recognized as a formation of the 
early Pleistocene. 


2.3 PLEISTOCENE SERIES 


Sea level prior to the initial 
Pleistocene glacial melt lay approx- 
imately 82 m (270 ft) above the 
present shoreline. Dry land on the 
Floridan Plateau was restricted to a 
few small islands lying in what is 
now Polk County, and another group 


in the vicinity of the Trail Ridge 
area near Jacksonville. Subsequent 
sea-level fluctuations gradually 


left more and more of the Floridan 
Plateau exposed. This successive 
dampening of sea-level rise is prob- 
ably the resuit of sea-floor spread- 
ing, which concurrently increased 
the global volume of the oceans 
(Cooke 1945). Names of recognizable 
sea-level fluctuations of the Pleis- 
tocene in Florida and the respective 
heights to which they extended above 
present day sea-level are listed in 


Table 2. The Talbot and Pamlico are 
the oniy terraces important to the 
watershed. 


The various elevations of the 
Pleistocene shorelines and the 
alternation of marine and freshwater 
beds in certain limestone and mar! 
formations provide a record of sea- 
level fluctuations during the great 
ice age. The advances and retreats 
of great ice sheets over the North 
American continent alternately 
raised and lowered the regional sea 
levels that resulted in a variety of 
Pleistocene deposits, including 
quartz sands, shell beds, limestone, 
and mar! (Klein et ai. 1964). 


In southern Florida the strata 
of the Pleistocene are composed of 
the sands of marine terraces; the 
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Table 2. Recognized sea-levels dur- 
ing the Pleistocene era in Florida 
(adapted from Cooke 1945). 

















Height above present 
Name sea levei (ft) 

Brandywine 270 
Coharie 215 
Sunderland 170 
Wicomico 100 
Penholoway 70 
Talbot 42 
Pamlico 25 
Silver Bluff (tentative) 5 

Caloosahatchee, Anastasia, and Fort 


Thompson Formations; the Key Largo 
Limestone; and the Miami Formation. 
Of these, only the Caloosahatchee 
and Fort Thompson Formations, and 
two of the four to seven recognized 
marine terraces are located in the 
watershed. The Anastasia Formation 
may underlie a major portion of the 
Caloosahatchee River/Big Cypress 
watershed (Klein et al. 1964), but a 
lack of core data and the difficulty 
of distinguishing it from Caloosa- 
hatchee and Fort Thompson Format.ons 
makes it difficult to verify this 
claim (Missimer 1978). 


The most ancient of the Pleis- 
tocene rock layers in south Florida 
is the Caloosahatchee Formation, 
which is primarily a grayish-green, 
silty, sandy, shell marl with inter- 
bedded layers and lenses of sand, 
silt, clay, and marl. The formation 
occurs only in the eastern part of 
the watershed, ranging in thickness 
from a few meters to greater than 
15 m (50 ft) near the western edge 
of Lake Okeechobee. It continues to 
thicken towards Florida's east coast 
(Dubar 1974, Jakob and Waltz 1980). 
The Caloosahatchee Formation con- 
sists of three members which ool- 
lectively comprise a lithologic 
record of a transgressive-regressive 
depositional cycle (Figure 6). The 
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Figure 6. West to east schematic geologic cross section of Caloosahatchee 
River outcrops in the area near Fort Denaud, Fort Thompson, and Ortona Lock 
(adapted from Hunter 1978). 
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oldest (Fort Denaud Member) was de- 
posited in fresh and brackish water 
during the’ early transgressive 
phase. A younger member (BeeBranch 
Member) represents a deposit of 
shallow-shelf and high-salinity bay 
origin, and corresponds to. the 
maximum Caloosahatchee sea _ trans- 
gression. The most recent (Ayers 
Landing Member) occurred during a 
regression of the sea, in brackish 
to high-salinity bays and freshwater 
environments (Dubar 1974). 


The Caloosahatchee Formation 
is typically overlain by the Fort 
Thompson Formation--a name applied 
by Sellards (1919) to beds of fresh- 
water marl and _ limestone, which 
alternate with beds of marine shell 
marl in the vicinity of Fort Thomp- 
son on the Caloosahatchee’ River 
(Dubar 1974). Deposits of this for- 
mation provide the best picture of 
the changing environments associated 
with sea-level fluctuations during 
Pleistocene glacial events (Jakob 
and Waltz 1980). The Fort Thompson 
Formation is often represented by 
discontinuous beds, particularly 
in the Big Cypress Swamp to the 
southwest. In this region. the 
Tamiami Formation surface is thinly 
overlain by recent sediments, pock- 
eis of the Fort Thompson Formation, 
or terrace sands (Duever et al. 
1979). The beds vary in size and 
thickness, and reflect the sub- 
surface irregularity of the deeper 
Caloosahatchee and Tamiami Forma- 
tions (Dubar 1974). Areal distribu- 
tion of the formation is illustrated 
in Figure 7, in relation to more 
recent Pleistocene strata of south 
Florida. The deposit's thickness 
ranges from absent (0) to 5 m (15 
ft) in the study area, increasing 
southeastward toward Miami, where 
it reaches a maximum thickness of 
21m or 70 ft (Klein et al. 1964, 
Dubar 1974, Jakob and Waltz 1980). 
The Fort Thompson Formation contains 
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Figure 7. Distribution of surface- 
exposed Pleistocene formations 
(adapted from Dubar 1974). 


two distinct members, the younger 
Coffee Mill Hammock Member and the 
Okaleacoochee Member (Dubar 1958b) 
(Figure 0). The older Okaloacoochee 
Member is represented by two fresh- 
water gray-marl units separated by a 
thin layer of brackish water mar! 
and marine shell. This member was 
deposited during the initial trans- 
gression of the Fort Thompson sea in 
a bay-margin and freshwater environ- 
ment. Over this member is the Coffee 
Mill Hammock Member, a marine shell 
bed, which was deposited in a shal- 
low semirestricted, high-salinity 
bay similar to present-day Florida 
Bay (Dubar 1974, Jakob and Waltz 
1980). The tops of the freshwater 
beds have been hardened into brittle 
limestone, but are pertorated by 
solution holes that are filled with 
marine shells from succeeding 
Strata. The Fort Thompson Formation 
is of special importance to the 
human population of south Florida 
because it forms a large part of the 
Biscayne Aquifer, the sole drinking- 
water source for the southeast 
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coast. The Lake Flirt Formation is 
reported either as the youngest Fort 
Thompson Formation member (Hunter 
1978) or as the youngest Pleistocene 
Formation whose deposition continued 
into the Recent epoch or Holocene 
epochs (Dubar 1974). Taking the 
latter case, this deposit lies 
unconformably on the Fort Thompson 
Formation and represents freshwater 
sediments deposited along the Caloo- 
sahatchee River. It consists of thin 
beds of mucky dark sands and mar! 
shell that typically range in thick- 
ness from 1 to 3 m (3 to 8 ft). 





Pleistocene marine terrace 
deposits. During the high Pleisto- 


cene sea level stands, terraces were 
formed over Florida by wave, cur- 
rent, and erosional actions. Today 
belts of these terrace sands extend 
around Florida, parallel to the 
present coastline. These belts are 








found in step-like formation, rising 
injand from the coasts with the 
oldest sediment being the highest in 
elevation. The actual number of 
terraces in Florida is the subject 
of much debate: estimates range 
from four to nine (Puri and Vernon 
1964). The terraces and shorelines 
identified in the watershed, from 
the lowest in elevation to the 
highest, are Silver Bluff, Pamlico, 
Talbot, Penholoway, and Wicomico 
Terraces (Healy 1975). These Pleis- 
tocene terraces and shorelines are 
illustrated in Figure 8 and are 
accompanied by their approximate 
shoreline elevations. The terraces 
in the study area are composed of 
quartz sand and lie discontinuously 
upon the Fort Thompson, Caloosa- 
hatchee, and Tamiami Formations. 


Overlain unconformably by the Lake 
Flirt Formation and recent deposits, 
these sands 


typically range from 
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Figure 8. Pleistocene terraces and shorelines of south Florida (adapted from 


Healy 1975). 
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0.5 to 1 m (2 to 3 ft) in thickness, 
although pockets exceeding 5 m 
(15 ft) have been observed (Klein 
et al. 1964). 


2.8 PHYSIOGRAPHY 


The dominant physiographic 
feature of the Caloosahatchee River 
watershed is the Caloosahatchee 
River Valley (Puri and Vernon 1964, 
White 1970). The axis of the valley 
foliows the Caloosahatchee’ River 
from Lake Okeechobee tc San Carlos 
Bay. The valley “wall" known as the 
Caloosahatchre Incline (White 1970) 
slopes very gradually upward to the 
north of the river. At the peak of 
the valley wall lies the De Soto 
Plain, a very flat terrace extending 
down from the Polk Uplands of the 
Central Florida Highlands. To the 
south of the Caloosahatchee River 
the valley wall is formed by the 
Immokalee Rise, an elevated flat 
area of predominantly sandy soils. 
Both the Caloosahatchee Incline and 
the Immokalee Rise formed as ero- 


sional submarine terraces of the 
Pamlico shoreline. The De _ Soto 
Plain is generally regarded as a 


submarine terrace formed below the 
Wicomico shoreline. 


The Big Cypress watershed 
(Figure 9) contains al! or part of 
four major physiographic features of 
the lower Florida peninsula: (1) The 
Immokalee Rise, (2) The Big Cypress 
Spur, (3) The Southern Slope, and 
(4) Coastal Swamps and Lagoons. 


As the Pamlico sez level drop- 
ped, the Immokalee Rise emerged as 
a sloping sand shoal south of the 
Caloosahatchee Valley. A somewhat 
parallel situation would occur today 
off Cape Romano, should sea-level 
fall. 


Southeast of the Immokalee Rise 
is the Big Cypress Spur, a sloping 
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Figure 9%. Major physiographic 
features of the tower Florida 
peninsula (adapted from Puri and 
Vernon 1964). 


area transitional between the rise, 
the Everglades trough to the east, 
and the southwestern slope to the 
west. The spur is best characterized 
by its abundant dwarf cypress on 
mar! soils to the west and its saw- 
grass/Everglades slough vegetation 
to the east. 


The spur receives runoff from 
the north, off relatively higher 
lands of the Immokalee Rise. His- 
torically, flow was probably in two 
directions (and fairly rapid): one 
to the Everglades trough, then down 
and out Shark River, and the other 
to the Southwestern Slope and out 
through the back bays north of Lost- 
man's River. Today SFWMD levee 
L-28 tieback canal insures this 
drainage pattern by accentuating the 
naturally low ridge that separates 
Big Cypress Spur from the South- 














western Slope. L-28 was breached 
by culverts in 1983 to restore 
the high-water bzsin conneciion at 
certain times. 


The Southwestern Slope is a 
northwest-southeast trending area 
that is gentiv tilted toward the 
Gulf of Mexico. Toward the south, a 
drainage pattern perpendicular to 
the coast is evident in the elonga- 
tion of slough and strand vegeta- 
tion. Here the substrate is thin 
sands overlying a dissected Tamiami 
Limestone. Toward the north sands 
are more prevalent and often deeper, 
as evidenced by increasing pineland 
vegetation and less distinct coast- 
perpendicular drainage. 


Coastal swamps and Ss. 
The Big Cypress estuarine and salt- 
water wetlanu zone is made up of 
two major components: (1) a coastal 
reentrant zone from Gullivan Bay 
south to Lostman's River, and (2) a 
coastal protuberant zone from Cape 
Romano north to Fort Myers Beach. 
The northern boundary of the coastal! 
reentrant zone includes the Ten 
Thousand Islands. These numerous 
mangrove-covered islands appear to 
coalesce south along the coastline, 
eventually forming larger — solid 
blocks. Dissected lagoons (back 
bays) characterize the upland side 
of this zone. These blocks are 
separated from one another by in- 
creasingly distinct drainage ways. 
Concurrently the inland extent of 
brackish vegetation (mangroves and 
salt marshes) incresses north to 
south from about 4.8 km (3 mi) to 
8.8 km (5.5 mi) from Gullivan Bay 
to Lostmen's River. 





This “reentrant" physiography 
is caused by a combination of off- 
shore profile, substrate composi- 
tion, and rising sea-level. Off- 
shore bottom topography decreases 
in steepness toward the south of 
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the watershed. The 5-fathom isobath 
only rarely lies more than 0.8 km 
{0.5 mi) offshore north of Marco 
Island, but in the coastal reentrant 
zone the 5-fathom isobath lies as 
much as 13 to 19 km (20 to 30 mi) 
offshore. The 5-fathom depth is 
considered close to the maximum 
depth at which waves scour oceanic 
shores. Where the 5-fathom isobath 
lies far from shore, wave energy 
is not sufficient to throw barrier 
sands onto the shoreline. 


Another factor influencing the 
nature of the reentrant coastline 
is source of materials. Near-shore 
substrates in the reentrant section 
are more limey than sandy; limestone 
is not a good source material for 
building barrier beaches and _ is- 
lands. The effect of substrate is 
also seen by comparing (1) the 
highly dissected nature of the Ten 
Thousand Island area, which sits 
on erodable Tamiami Limestone with 
(2) the more solid blocks to the 
south, which rest on Pleistocene 
(Anastasia) sands. The latter are 
less soluble and more _ influenced 
(historically) by freshwater Ever- 
glades discharge (White 1970). 


Recent sediments in the Ten 
Thousand Islands (Figure 10) have 
been deposited over the last 5,000 
years during a more or less contin- 
uous marine transgression. Maximum 
sediment thickness reaches 7.6 m 
(25 ft) and consists of a mixture of 
clean, slightly peaty basal sands, 
relic vermitid (gastropod) reefs, 
silts, sands, oyster bars, and thick 
mangrove peats (Shier 1969). The 
Miocene Tamiami Formation forms the 
bedrock that underlies the entire 
Ten Thousand Islands area, and is 
discontinuously overlain by marsh 
sediments (clayey sands) that were 
deposited during the Wisconsin low 
sea-level stand, or during the 
subsequent sea-level rise. As the 
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Figure 10. cross section of the Ten Thousand Islands with 


environmental interpretations (adapted from Shier 1969). 


post-Wisconsin sea-level rose over 
the gradual seaward slope of the 
Tamiami Limestone (5 to 10 cm per 
1.6 km or 2 to 4 in per mi) a wide, 
shallow coastal sea formed. Along 
its outer edge ecological conditions 
favored the growth of a vermitid 
reef-forming gastropod, Vermetus 





(Thylaeodus) nigricans Dall (Shier 
1969). A chain of vermitid reefs 
formed parallel to the coastline and 
created a lagoon as much as 6.4 km 
(4 mi) wide. A complex of bay 
bottom sands and silts, tidal pass 
sands, oyster bars, and thick man- 
grove peats has accumulated behind 
the reef ba rier. Recent sediments 
along a landward-seaward transect of 
the Ten Thousand Islands are illus- 
trated in Figure 10. The two basic 
island forms consist of (1) the 
outer or seaward vermitid reef based 
islands, and (2) the inner oyster 
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reef-based islands. The former often 
exhibits an exposed vermitid-reef 
rock beach on the seaward side. Both 
are forested by mangroves. Sediments 
of the lagoonal and island environ- 
ments are brought in by normal tidal 
currents and by waves and storm 
tides that accompany severe storms 
and hurricanes; they are also pro- 
duced autochthonously (e.g. oyster 
shells, foraminifera, mangrove de- 
tritus, and peat). 


To the north of Ten Thousand Is- 
lands and Cape Romano the brackish- 
zone vegetation decreases rapidly in 
lateral extent from 4.8 km (3 mi) 
in width at Gullivan Bay to only a 
fringing remnant along inner bays 
and barrier island lagoons north of 
Naples. High-energy barrier beaches 
and sheltered coastal embayments are 
prominent coastline features north 
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of Marco Island. 


The four major areas of gulf 
coastal lagoons behind barrier is- 
lands in the Big Cypress watershed 
are as follows: 

{1) The Marco Island/Cape Romano 
leeward estuary (including 
Rookery Bay). 

(2) The Gordon River estuary and 
Naples Bay near the town of 
Naples. 

Wiggins Say at the down- 
stream end of the Coco- 
hatchee River. 

Estero Bay at the northern 
boundary of the basin. 
Because of its size, shape, and 
hydrography the Caloosahatchee River 
estuary is considered a somewhat 
unique coastal lagoon. Though it 
is clearly protected by Sanibel 
and Pine Islands, its great length 
and relative straightness indicate 
a much more profound river drain- 
age influence than in the = more 
restricted estuarine embayments to 
the south. 


(3) 


(4) 


2.5 RECENT SEDIMENTS AND 
SOILS 


Holocene sediments in the Ca- 
loosahatchee River/Big Cypress wa- 
tershed were products of a seasonal 
abundance of rainfall and a warm 
subtropical climate. This has, over 
the last 5,000 years, stimulated 
both luxuriant plant growth and case 
hardening of periodically exposed 
limestone rock. Much of the water- 
shed “soils” are not actually soils 
in the textbook sense, that is, 
layers of mixed mineral and organic 
materials with characteristic pro- 
files. Instead they represent only 
slightly weathered parent material, 
or modern sediments, some of which 
are still being formed; consequently 


the soils are generally described 
as surficial sediments. Horizons 
or layers that occur in the water- 
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shed usually reflect changes in 
sediment type, e.g., sand overlying 
calcareous marl, and are caused by 
successional sea-level transgres- 
sions and regressions or more subtle 


changes in wet and dry _ climatic 
conditions. 

Chemical and biological pro- 
cesses have, within a _ relatively 


short period of time (5,000 years), 
modified the geologic features of 
the watershed. Rainwater, which 
combines with organic materials to 
form an acidic solution, accelerates 
limestone dissolution. Depending on 
the water-table height, the dis- 
solved calcium carbonate may: (1) 
recrystallize within or on the rock 
surface to form a cap rock or (2) 
with the assistance of periphyton, 
be reprecipitated in low wet areas 
as calcitic marl (Duever et ai. 
1979). Roots, algae, fungi, storms, 
and fire provide forces that crack, 
tunnel, and otherwise destroy the 
structural integrity of the rock, 
exposing a greater surface area to 
dissolution processes. Exposed por- 
tions of the Tamiami Formation often 
exhibit these characteristics, par- 
ticularly in the Big Cypress water- 
shed (Ouever et al. 1979). 


The generalized soil-type dis- 
tribution within the Caloosahatchee 
River/Big Cypress watershed is il- 
lustrated in Figure 11. Greater 
detail on the physical and chemical 
nature of soils is available from 
soil surveys published by the U.S. 
Soil Conservation Service (SCS 
1975). These surveys contain 
1:20,000 photomosaics overlain by 
soil series delineations; physio- 
chemical descriptions of soil pro- 
files down to a 2-m (6-ft) depth, 
where possible; and, a description 
of the soil series suitability for 
various land uses (Carlisle 1982). 
County soil surveys are at various 
stages of completion, which range 
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LAKE OKEECHOBEE MUCK 

Organic, marly soils located in 

the oeriphera!l marshlands ' 
around Lake Okeechobee \ 


MANGROVE PEAT Ww 
Very low, wet areas of organic, marly to 
/ mucky soils thinly overlying bedrock 
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| Marine quartz sands locally hardened to form 
| @ sandstone. found at elevations between 15 
and 42 feet above mean sea leve! 
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° Marine quartz sands. Found at elevations 
between 42 to 70 feet above mean sea level 








PAMLICO FORMATION 

Marine quartz sands. in places hardened to 
a sandstone. Found at elvations up to 25" 
above mean sea leve! 


5] Mart wien Sragers OF pent 
























































Miles 7 


4 
oo 
we, 








Figure 11. Generalized soil-type distribution in southwest Florida (adapted 


from Jakob and Waltz 1980). 


from total absence of soils work in 
Glades County to the completed, but 
antiquated, Collier County soil sur- 
vey. Another valuable information 
source on regional soils is reported 
in an annual publication, Proceed- 
ings of the Soil and Crop Society of 
Florida, which provides an academic 





forum for the most recent soil re- 


search in the state. 


The soil types in the watershed 
(Figure 11) generally fall into one 
of the following five major sub- 
strate-sediment groups; limestone 
rock, calcareous muds (marls), sands 
{marine terraces), organic materials 
(peats and mucks), and mixed solids 
(Duever et al. 1979, SFWMD 1980). 


19 


Although this classification departs 
from the more classical SCS county 
soil series, it is a much more prac- 
tical system for the unique sediment 
characteristics of southwest Flor- 
ida. The absence of either updated 
(e.g., Collier County), or completed 
county soil surveys also prevents a 
watershed or region-wide application 
of the soil series (Duever et al. 
1979, Carlisle and Brown 1982). The 
five substrate groups differ from 
one another in terms of grain or 
particle size, homogeneity, chemical 
composition, and in many other chem- 
ical and physical properties that 
affect the type of plant communities 
found associated with them, and 
their suitability for use by man. 


DLE 








An additional substrate not 
specifically addressed in Figure 11 
is man-altered or arent soils, e.g., 
dredge and fill, shell mounds, and 
landfills (Herwitz 1977). The soil 
composition is extremely diverse and 
its relationship to the surrounding 
environment has only begun to be 
studied. One example of this soil 
modification is in the inland = and 
coastal man-made canals in the 
watershed. Modification of natural 
tidal tributaries to finger canals 
is prevalent in developments around 
Marco Island, Naples, Cape Coral, 
and numerous other coastal commu- 
nities. Wanless (1974) and Wanless 
et al. (1975) studied the variation 
of sediments in natural and artifi- 
cial waterways in the Marco Island 
area and noted numerous differences 
in the form and production of sedi- 
ment. Possibly the most important 
distinction is the shift away from 
autochthonous sediment production in 
the natural waterways to a primarily 
allochthonous source of sediments in 
canal systems, carried into the ca- 
nals by tidal and storm water move- 
menis. Also, decreases in particle 
size and bioturbation = (infaunal) 
in the canals result in a more 
homogeneous and biologically sterile 
sediment composition (Wanless 1974). 
In situ sediment production in natu- 
ral waterways was not only signifi- 
cant quantitatively, but also di- 
verse in its composition. Sediment 
contributors include oysters and 
barnacles (prop root and bottom, 
along bay and tributary margins), 
mollusks, foraminifera, diatoms, 
benthic invertebrates in bays and 
channel-margin flats, seagrasses, 
and brown, green, and blue-green 
algae (benthic flora that provide 
detritus). 


Maris are a muddy deposit of 
calcium carbonate silts, with occa- 
sional shells and shell fragments. 
In Florida, surface marl! soils are 
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basically the product of three pro- 


cesses: (1) physiochemical or bio- 
chemical precipitation of calcite 
crystals by freshwater periphytic 


blue-green algae that grow on sedi- 
ment surfaces or as sheaths covering 


vegetation; (2) storm deposition 
of aragonitic marine muds in the 
mangrove keys, swamps, and other 
coastal areas; and (3) weathering 
of surficial limestone outcrops. 
Mar! soils are often associated or 


mixed with sands or peats, depending 
upon local influences. For example, 
in mangrove forests, marls may occur 
along the margins of the mangrove 
peat. These maris are referred to as 
marly peat or peaty marl, depending 
upon the soils’ major constituent. 
Marly sands or sandy marls are often 
found in the Big Cypress watershed 


and represent erosional products 
of the Tamiami Formation limestone 
outcrops. The production of calcite 


by blue-green algae generally occurs 
in seasonally wet marshes or wet 
prairies having sparse to medium 
density of vegetative cover and 
where limited shade permits pene- 
tration of sunlight to the surface 
sediments. 


The major surficial mar! depos- 
its are located in the Big Cypress 
Swamp and in the marsh and prairie 
areas to the south. Marls and sand 
maris generally range in depth from 
15 to 90 cm (6 to 36 in), exhibit 
a low-level relief, and, because 
of their low permeability to water, 
are often wet (Leighty et al. 1954, 
Duever et al. 1979, SFWMD 1980). 
Mar! soils account for almost 
400,000 acres or 29% of the soils 
surveyed in Collier County (Leighty 
et al. 1954). 


Sands, which represent the dom- 
inant surficial soil in the Caloosa- 
hatchee River /Big Cypress watershed, 
are derived from old shoreline de- 
posits, weathering of limestone, and 
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the relocation of sands by wind and 
storm surges. Deposits are generally 
thicker and more extensive north and 
west of the Big Cypress Swamp, and 
consist either of marine quartz 
sands, carbonate sands, or a mixture 
of the two. 


Marine quartz sands of the 
Pamlico, Penholoway, amc Talbot 
Terraces dominate’ the = surficial 


deposits from mid-Collier County to 
the northern reaches ot the Caloosa- 
hatchee River watershed in Charlotte 
and Glades Counties. Surrounding 
Immokalee on the Immokalee Rise 
(White 1970) are sands, regarded as 
bars and swales, which thin to the 
south, east, and west, and eventual- 
ly grade into the irregular western 
boundary of the Big Cypress Swamp to 
the east (Duever et al. 1979). Near 
the coasts is some carbonate sand 
fraction formed from shell material 
(SFWMD 1980). A mixture of the two 
sands has probably existed at one 
time in the terrace formations with 
the carbonate fraction subsequently 
being removed by dissolution and/or 
sorting. 


The vegetation associated with 
sand soils exhibits tremendous 
variety in relation to (1) depth to 
water table, (2) presence of a hard- 
pan, (3) character and depth of sub- 
strata, (4) grain size, (5) mixture 
of silt, clay, and organic material, 
and (6) elevation and slope. Vege- 
tative communities range from sea- 
sonally inundated low-lying pine/ 
palmetto flatwoods and prairies to 
elevated xeric dunes and ridges 
which support scrub oak and sand 
pines. 


Limestone rock provides for one 
of the most unique and visually 
obvious surficial substrates in the 
Caloosahatchee River/Big Cypress 
watershed. The rock's appearance 
is caused by erosion, dissolution, 
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and reprecipitation, which creates 
an irregular, undulating surface of 
hard, dense, and impermeable cap- 


rock. The processes involved in the 
caprock's formation are _ illustrated 
in Figure 12. 


The Tamiami Formation dominates 
the surface rock substrates in the 
Big Cypress watershed. The facies 
which represent the formation are 
distinguished by  severa! factors 
including sand content, fossil con- 
tent, porosity or fragment size, 
degree of surface hardening, and 
topography (SFWMD 1980). The cap- 
rock is typically well laminated, 
thick, and highly indurated. The 
surfaces are perforated with solu- 
tion features which contain caliche 


(dark-tan colored, finely laminated 
crusts), solution breccias, later 
marine deposits, sands, maris, and 


post-depositional cements (Duever et 
al. 1979). Of secondary importance, 
areally, are the Fort Thompson and 
Miami Limestone outcrops, which make 
up some of the surficial rocks along 
the eastern edge of Collier County 
and occur in isolated pockets in the 
Big Cypress watershed. Pinnacle 
rocks, which provide the most overt 
signs of these latter formations, 
exhibit a very irregular caprock or 
crust with sharp-pointed projections 
and small conical depressions (Cooke 
1945, SFWMD 1980). 


Vegetation associated with the 
rock outcrops include slash pine, 
cabbage palmetto, saw-palmetto, 
shrubs, grasses, and dwarf cypress. 
In Collier County, where most of the 


area's limerock substrate occurs, 
the rocklands [also referred to as 
pine rocklands) account for 6.4% 


(83,000 acres or 33,590 hectares) 
of the area (Leighty et al. 1954). 
Hardwood hammocks often appear on 
elevated limestone outcrops inthe 
southern Everglades region of the 
Big Cypress watershed. Craighear 
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Figure 12. Environmental mechanisms involved in forming subserial crusts 
{adapted from Multer and Hoffmeister 1968). 


(1974) and Duever et al. (1979) sug- 
gest that the hammock develops along 
a self-destructive course. The outer 
trees in the circular or tear-drop 
shaped hammocks are more susceptable 
to fire or wind damage. When the 
dead outer trees are blown down 
{windthrown) their extensive root 
systems gouge or crack the existing 


caprock, which accelerates dissolu- 
tion of the limerock. The opened 
cavities eventually encircle’ the 


hammock, forming a moat. Only sparse 
aquatic or emigrant vegetation lives 
around (he moat's shaded inner wall 
to Stabilize the rock and provide 
organic material. That, in combina- 
tion with the organic acids produced 
from the hardwood litter decomposi- 
tion, causes continued undermining 
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of the hammock rock. The end result 
is the elimination of the hammock 
and the upper rock unit. Pine rock- 
lands are characterized by extremely 
irregular, exposed, and elevated 
bedrock surfaces. The pines root in 
sediment-filled solution holes or 
crevasses as do the hardwoods in 
hammocks. Hardwoods are generally 
excluded from the pine rocklands 
because of the frequent fires that 
prevent an accumulation of organic 
litter in the soil. The low level 
of organic material and the alkaline 
nature of the limerock reduces the 
acid dissolution of the limestone. 
Also, the amount of mar! in the 
soils is minimal because of the 
relatively elevated and drained 
conditions of these pinelands. 














The organic substrates, peat 
and muck, are formed of partially 
decomposed plant material and a 
mixture of inorganics such as sand, 
clay, or silt. These substrates 
often develop in wetland environ- 
ments where the inundation of water 
creates an anaerobic layer at the 
sediment-water interface. This per- 
mits and encourages the accumulation 


of partially decomposed organic 
materials. The difference between 
peat and muck is primarily the 
degree of decomposition. Peat rep- 


resents a fibrous organic substrate 
that is only slightly altered from 
the original structure, retaining 
identifiable plant parts, (e.g., 
leaves, stems, seeds, and roots). 
The parent materia! is local jau- 
tochthonous), and the ash = and 
inorganic content is typically low. 


In contrast, muck is a thoroughly 
decomposed, fine-grained,  nonfi- 
brous, organically-rich substrate, 


which is high in ash content and 
often mixed with inorganic sedimen- 


tary material. Source material for 
muck is either autochthonous or 
allochthonous (transported from 


outside the decomposition site). 


The origin, structure, chemical 
qualities, deposition rates, envi- 
ronments/patterns, and other charac- 
teristics of organic sediments are 
well studied, but because of their 
complexity they will be only briefly 
mentioned here. A number of excel- 
lent reviews are reported in the 
literature. Davis (1946) gives an 
extensive review of peat deposits in 
Florida, including information = on 
their nature, origin, type, and com- 
position. This work is supplemented 
by Cohen and Spackman's§ (1974) 
description of south Florida peats, 
and Stone and Gleason's (1976) and 
Kropp's (1976) work in the Corkscrew 
Swamp Sanctuary. 
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The najor surface peat deposits 
in the Caloosahatchee’ River/Big 
Cypress watershed are located along 
the southwest coast from Gordon Pass 
south, in the far eastern Caloosa- 
hatchee River region which borders 
Lake Okeechobee, and in the Cork- 
screw Swamp Sanctuary near Lake 
Trafford (Davis 1946, Leighty et al. 
1954). In addition, small deposits 
are typically found in the area's 
numerous swamps, marshes, ponds, 
and sloughs, and along some stream 
margins. These smaller deposits 
are particularly common in the Big 
Cypress Swamp, where they are con- 
tained in wet depressions throughout 
the rockiand, sand, and mar! areas. 
Organic deposits range in depth from 
a few centimeters to 3 meters (up 
to 9 feet or more), and are high in 
carbon and nitrogen, but low in 
other nutrients, e.g., phosphorus 
(SFWMD 1980). The ivpe and condi- 
tion of a peat is dependent on the 
water depth, pH, hydroperiod, parent 
vegetation, topography, thickness, 
degree of decomposition, character 
of the underlying sediment, inor- 
ganic content, and pressure of 
incorporated layers such as marl, 
Shell, limerock, or sand. Peats 
are most ofien classified by their 
parent material, e.g., mangrove 
peat, Conocarpus (buttonwood) peat, 
Spartina peat, and others (Cohen and 
Spackman 1974). Mangrove peat, 
which forms in much of the south- 
western coast's tidal areas, typi- 
cally retains much more of the 
original plant structure’ than its 
freshwater and brackish water coun- 
terparts. It also exhibits a greater 
ash content caused by the intermix- 
ing of shells and sands, which are 
transported into the swamps by tides 
and storms. 





Compared to the freshwater peats 
of the Everglades, the Corkscrew 
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Swamp peats are more degraded and 
mucky, with less identifiable plant 
tissue structure. This condition 
may be indicative of a poorer pre- 
serving environment at the Corkscrew 
Swamp, possibly a shorter hydro- 
period, or a deeper zone of aeration 
(Stone and Gleason 1976). The basal 
peat samples dated from this deposit 
have been carbon-14 dated in the 
range of 4700 to 5700 years B.P., 
the latter being the oldest peat 
deposit recorded in svuth Florida 
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(Kropp 1976, Duever et al. 1979). 


Along the eastern edge of the 
Caloosahatchee River watershed, 
brown to black peat and muck de- 
posits reach a maximum thickness 
of 3 m. Westward these deposits 
integrate with quartz sands which 
originate from the major teriaces 
(Klein et al. 1964). This deposit 
is the western extension of the 
large tverglades Peat Bed (Davis 
1946). 
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CHAPTER 3 
CLIMATE 


3.1 INTRODUCTION 

A classification system devised 
by the National Weather Service 
divides Florida into seven climatic 
divisions. The Caloosahatchee River/ 
Big Cypress watershed is contained 
entirely within the Everglades and 
Southwest Coast climatic division as 
illustrated in Figure 13. This 
division and each of the other cli- 
matic divisions encompass an area 


within which basic climatic’ vari- 
ables, primarily temperature = and 
rainfall, are generally consistent 


when averaged over extended periods 
of record. Obviously the boundary 
lines between the climatic divisions 
approximate general lines of change. 


Sometimes station-to-station dif- 
ferences within a division exceed 
divisional variation. This is par- 


ticularly true between coastal and 
inland areas. Despite these dif- 
ferences, climatic divisions are a 
means for organizing statewide and 
basinwide climatic indicators. 


The location of Florida's first- 
order weather stations operated by 
the National Weather Service are 
shown in Figure 13. These stations 
provide the most inclusive weather 
data base available. Each station's 
data base is supplementea by cooper- 
ative and research stations that 
provide weather data of a more lim- 
ited nature {e.g., rainfall and 
air temperature). These secondary 
weather stations monitor the climate 
for a variety of applications. 
Agriculture, water management, and 
aviation are three of the most 
important. For the Caloosahatchee 
River/Big Cypress watershed, detai!- 
ed meteorological information _ is 
available only from the Fort Myers 
station. For a more in-depth review 


25 








{| NORTHWEST \ 
ee / 


Tetleheasece NORTH 








Pessecols 


Apetechicots 


PN Arrtone 
1 NORTH © Beech 
CENTRAL \ 

® Orianco 







aan 
- —f i ereienc 
s 


SOUTH 
CENTRAL 


EVERGLADES & 
Sw COAST 


as ortaratchee @' rer 
big (rorets eetersnee 


EZ, 


_ ior das Firat oreer Set rene! 
eraetner Service >tetronm 


US =e en of Cavenerce PTD 











Figure 13. Florida climatic divisions 
{adapted from Gutfreund 1978). 


of the weather stations adjacent to 
and within the watershed, refer to 
the publications of Parker et al. 
{1855), Thomas (1970), Bradley 
(1972), Thomas (1974), Duever et al. 
(1979), Bamberg (1980), and MacVicar 
(1981) and (1983). 


In general terms, the mild sub- 
tropical climate of the watershed is 
a reflection of a low geographical 
relief, the encirclement by the 
large water masses of the Gulf of 
Mexico, the Everglades, and Lake 
Okeechobee, and a relatively low 
latitude (Bradley 1972. Pielke 1973, 
Gannon 1978). The slight relief 
permits the uninterrupted movement 
of winds and rains across the ter- 
rain. These movements are obstructed 
instead by the atmospheric changes 
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caused by the surrounding water 14). Near Estero, the annual aver- 


masses. The water bodies moderate age rainfall is greater than 178 cm 
temperatures (acting as a _ heat (70 in). Overall, the average annual 
source in winter and a heat sink rainfall decreases from the coast to 
in summer} and provide a valuable Lake Okeechobee and from south to 
source of moisture for rains. The north (Table 3). Rainfall is lowest 
intand areas are typicaily cooler (less than 125 cm or 49 in) north 
{in the winter) or warmer {in the of the Caloosahatchee River from 
summer) than the adjacent coastal Charlotte Harbor to the Franklin 
regions. The latitude indicates Locks at Olga (Bamberg 1980). The 
moderate winter temperatures. region around and north of _ the 
Caloosahatchee River exhibits a more 
Of the three climatic patterns even annual distribution of rainfall 
that Hela (1952) associated with than the tropical-savannah climate 
south Florida, two are applicable to in the southern portion of the area. 
the reference area. All of the Big Contrary to a 5-year cycle of rain- 
Cypress watershed and the southern fall along the southeast’ Florida 
half of the Caloosahatchee River coast, and in the Everglades and 
watershed are characterized by a Florida Keys, there are no dis- 
tropical savannah climate, which has cernible long-term cycles in the 
a reiatively long and severe dry reference area (Gee and Jensen 1965, 
season and a wet season. North of Thomas 1974, Duever et al. 1978). 


the Calcosahatchee River a humid 
mesothermai climate predominates, 
characterized by a warm, moist sum- 
mer and a moderate dry season. 





3.2 RAINFALL 


Mean annual precipitation for 
the Caloosahatchnee River/Big Cypress 
watershed is about 135 cm (53 in) 
(Bradley 1972). The dry season, 
from Novemdci to April (Riebsame 
et al. 1974), provides between 16% 
and 26% of the annual rainfail, ard 
the wet season (June-September! 
accounts for over 60%. The reia- 
tionship between wet season, dry 
season, ana tota! annual rainfail 
for individua! stations and _=§ for 
geographical grvupings  (Coastal- 
Intand-Lake and North-South) is 
showr, in Table 3. Mean annual rain- 
fall patterns for the watershed are 
illustrated in Figure 14 Average 








annual rainfall exceeding 152 cm Z 
(60 in) is reported for coastal Fiqure 14. Average annual rainfall 
locations south of —Canibel  Isiand {ieches) for the Caloosahatchee 
(Bonita Springs and Marco Island) River /Big Cypress watershed 
and northeast of Immokalee (Fig. (adapted from Bamberg 1980). 
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Table 3. Wet season, dry season, and total annual precipitation 
for the Caloosahatchee River/Big Cypress watershed. 























Rainfall in inches Annual Mean 
Station Location r! Dry Season ([%) Wet Season (%) Rainfall [inches) Ret? 
(S)Everglades 43 10.38 (19) 44.49 (81) 54.87 1 
C {S)Marco Isiand } 12.26 (19) 51.98 (81) 64.24 2 
O S)Naples Caribe Gardens 27 10.74 {20) 42.99 (80) $3.73 1 
A S)Bonita Springs 13 9.53 {17) “7.26 (83) 56.79 1,2 
S |(N)Estero 10 16.12 (23) $4.14 (77) 70. 26 2 
T WN)Captiva 9 12.44 (26) 36.30 (74) 48.74 1,2 
A WN)Ft. Myers 98 11.52 (22) 41.48 (78) 53.00 1 
i UNjFt. Myers Airport 40 13.37 (21) 42.58 (79) 53.95 3 
'‘N)Punta Gorda <ENE 48 12.64 (25) 39.°5 (75) 51.69 1,2 
| 1 f(s)Tamiami Trail 40 mi. 26 10.10 (18) 47.00 (82) $7.10 
, NN UN)Big Cypress Res. 15 10.87 (21) 41.54 (79) 5§2.41 1 
L WN)Lake Trafford 21 11.21 (23) 38.54 (77) 49.85 1 
A N)Devils Garden Tower 25 2.70 (22) 45.63 (78) 58. 33 2 
N H(N)Felda 9 11.52 (26) 32.30 (74) 43.82 1 
D |(N)Oltga Lock 12 12.29 (26) 34.35 (74) 46.64 2 
(N)La Belle 40 12.22. (23) 40.41 (77) $2.63 1,2 
L lewiston 22 10.61 (23) 36.26 (77) 46.87 1,2 
4 lewiston U.S. Eng. 2i 11.30 (22) 39.21 (78) 50.51 1 
K bs Haven Lock 1 51 11.36 (23) 39.04 (77) 50.40 1,2 
f 
Groupings Dry Season % Wet Season % Total 
Coastal! 11.89 21 44.4) 79 56.36 
Inland 11.58 22 41.25 7 $2.83 
Lake 11.09 23 38.17 77 49.26 
South 10.60 18 46.74 82 57.35 
North 12.35 23 41.40 77 §3.75 
In years of record, (5S) Southern half of watershed, (N) Northern half of watershed. 
2References: 1) Thomas 1974; 2) Bamberg 1980; 3) USDC 19B1a. 











season 


Rainfall in the = dry 
(November to April) is derived pri- 
marily from large-scale (synoptic) 
cold frontal systems that move into 
the area about once a week (Thomas 
1970, Echternacht 1975, Bamberg 
1980). Rainfall related to these 
fronts has a characteristic distri- 
bution pattern distinct from that 
observed in convective-type thunder- 
showers. Synoptic rains typically 
fall over a more uniform area of the 
front and are dependent only on the 
temporal passage of the system 
(Echternacht 1975). Frontal rainfall 
typically extends along a line from 
the northeast to the southwest over 
Florida's peninsula, sweeping south 
or southeast. The warm, humid air 
masses to the south converge with 
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the cooler, drier air carried with 
the front, generating rainfall along 
the frontal path. As a front passes, 
individual radar responses (areas of 
rainfall) move perpendicular to the 
frontal motion (Bamberg 1980). Data 
reported during its passage would 
be expected to come from a number 
of meteorological stations simulta- 
neously (Gruber 1969), and would be 
independent of the diurnal cycles 
reported for convective storms 
(Asplidin 1967). Rainfall intensi- 
ties depend on the strength of the 
interacting air masses and motions 
of individual precipitation ‘pock- 
ets' within the front. Occasionally, 
large amounts of rainfall can fal! 
within a narrow areal band if the 
front becomes stationary. 
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The dry season mean rainfall 
for the watershed is given in Figure 
15. Rainfall is higher near the 
coast and decreases inland. Highest 
values (>41 cm or 16 in) are report- 
ed from Estero. Rain in the remain- 
der of the watershed averages be- 
tween 25 and 30 cm (10 and 12 in). 


By mid-spring the incidence of 
frontal systems moving in from the 
north decreases in southwest Flor- 
ida, and local sea-breeze/ convection 
circulation becomes the dominant 
force controlling wet-season rain- 
fall (Echternacht 1975, Bamberg 
The local sea breezes inter- 

large-scale (synoptic) air 
southeasterlies and 


1980). 
act with 
(primarily 


flow 


Figure i5. Average dry-season rain- 
fall finches), November through 
April, in the Caloosahatchee River/ 
Big Cypress watershed (adapted from 
Bamberg 1980). 
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southwesterlies) to form lines of 
convergence. These lines of conver- 
gence are the most probable sites 


for rainstorm development § (Frank 
et al. 1967, Gruber 1968, Pielke 
1973). The predominant form of the 
convective wet-season storm is the 


thunderstorm. These storms are brief 
{1 to 2 hours), usually intense, and 
occasionally attended by = strong 
winds or hail (Bradley 1972). Thun- 
derstorms in the Fort Myers area are 
more frequent (over 100 annually) 
than anywhere else along the eastern 
gulf coast and most frequent (75%) 
during the summer months (Jordan 
1973, Duever et al. 1979). Day-long 
wet-season storms are_ infrequent 
and are generally associated with 
tropical disturbances. Since the 
short duration-high intensity thun- 
dershowers are related to cyclic 
land-sea breeze convective process- 
es, the rainfall follows a diurnal 
pattern usually peaking during the 
late -fternoon or early = evening 
hours, a period of maximum atmo- 
sphere convergence (Gruber 1969, 
Echternacht 1975). The most intense 
convergence takes piace aé_e short 
distance from the west coast, where 
maximum wet season rainfall reaches 
127 cm (50 inches) at Estero and 76 
to 102 cm (30 to 40 inches) along 
the remainder of the coast. Rainfall 
patterns for the watershed's wet 
season are illustrated in Figure 16. 
Because of the enormous size of Lake 
Okeechobee, a lake breeze (similar 
to coastal sea breezes) develops to 
form an area of divergence over the 


lake (air and moisture’ diverging 
away from the center of the lake) 
that restricts vertical  raincloud 


development and wet-season rainfall 
(Figure 16). The net effect mini- 


mizes wet-season rainfall directly 
over the lake (Pielke 1974, Riebsame 
et al. 1974, Woodley et al. 1974, 


Bamberg 1980). Convective wet-sea- 
son storms show greater spatial and 
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16. Average wet-season 
(inches), June through 


Figure 
rainfall 
September, in the Caloosahatchee 
River/Big Cypress basins (adapted 
from Bamber: 1980). 


temporal variation than the synoptic 
dry-season regime. Extreme gradieni(s 
of 10 cm in 1.6 km (4 inches in 
1 mi) and 36 cm in 6.4 km (14 inches 
in 4 mi) were reported by Woodley 
et al. (1974). Variations over 12 
cm (5 in) in one month at stations 
less than 8 km (5 mi) apart at Cork- 
screw Swamp Sanctuary were reported 
by Duever et al. (1975). Woodley 
(1970) estimates the natural vari- 
ability of rainfall from a single 
cumulonimbus cloud in south Florida 
to range from 200 to 2,000 acre- 
feet. 


Distribution of rainfall over 
southern Florida in the wet season 
follows a bimodal pattern § (Figure 
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17). The first of two peaks comes 
in May or June and the second in 
September or October (Thomas 1974). 
This biomodal seasonal distribution 
of rainfall is associated with an 
upper air trough that extends svouth- 
ward from the middle latitudes in 
June and centers itself over south- 
ern Florida. The trough is displaced 
westward into the Gulf of Mexico in 
July and August and returns again in 
September or October {Thomas 1970, 
Gruber 1969). Rainfall is heaviest 
when this trough is overhead (Riehl! 
1954). 


A precipitation statistic com- 
monly reported and of interest for 
air pollution and ecological studies 
is the number of days on which cer- 
tain amounts of rainfall are report- 
ed, i.e., rainfall greater than or 
equal to 0.254 cm (0.10 inches). 
Mean number of days per month having 
rainfall greater than 0.0254 cm 
(0.01 inches) and 0.254 cm (0.10 
inches) at stations in or near the 
watershed or shown in Table 4. 
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Figure 17. Average monthly rainfall 
at three locations in the Caloosa- 
hatchee River/Big Cypress watershed 
(adapted from Thomas 1974 and USDC 
198ta). 








Table 4. Mean number of days per month with rainfall greater than 0.0254 cm 
(0.01 inch) and 0.254 cm {0.10 inch) at stations in the Caloosahatchee River/ 
Big Cypress watershed (adzpted from Gutfreund 1977). 
































MEAN MIMBER OF DAYS PER MONTH WIT RAINFALL >0.01) INCH (0.0254 cml 
DIVISION ae 
Station jas feb Mar Apr May jun jut Aug Sep Oct Now Dec Annual 
Everglades and SW 
Coast 
Fort Myers s 66 5 (OS es 1 8 8 46 8 4 $493 
MEAN NUMBER CF DAYS PES MONTH WITH RAINFALL >0.10 INCH (0.254 cm) 
DIVISION _ 
Station lan Feb Mar Apr May jun jul Aug Sep Oct Now Dec Annual 
Everglades and SW 
Coast 
Belle Glade + 4 4 7 6 12 12 12 12 s 3 3 84 
Naples 3 3 3 3 6 36 3 42 $2 6 2 3 % 
The monthly and seasonal! dis- rainfall is given in Figure 20. 


tribution of rainfall is relatively 
uniform. The mean annual rainfall 
and the number of days with rainfall 
greater than or equal to 1.27 and 
2.54 cm (0.5 and 1.0 inch) for the 
Everglades and Southwest Coastal 
climatic division follow the same 
temporai patterns that are shown in 
Table 4 (Gutfrewnd 1978). 


Rainfall frequency-distribution 
curves developed from the 1975 to 
1979 rainfall records for Clewiston 
and Fort Myers are illustrated in 
Figures 18 and 19, respectively, 
{Anderson 1982). These figures 
and the data in Table 4 show that 
approximately 75% of the rainfall 
events in the watershed contribute 
less than 1.27 cm (0.50 inch) each. 


The SFWMD has recently com- 
pleted the first phase of a project 
that provides an important addition 
to the rainfall data base. MacVicar 
(1981) has produced a series of 
rainfali-frequency maps summarizing 
the predicted maximum precipitation 
for durations ranging from 1 to 5 
days, and wet, dry, and annual se- 


ries for I-, 3-, 5-, 10-, 25-, 50-, 
and 100-year return periods. The 
average annual maximum for iI-day 


These rainfall-frequency maps cover 
south Florida and include data from 
all rain gauges with a minimum of 20 
years of available daily records. 
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Figure 18. Frequency distribution of 
rainfall at Clewiston, 1975 to 1979 
{adapted from Anderson 1982). 
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Figure 19. Frequency distribution of 
rainfall at Fort Myers, 1975 to 1979 
(adapted from Anderson 1982). 


Despite the usually abundant 
wet-season rainfall, drought may 
occur in south Florida even during 
the wet season (Bradley 1972). Dur- 
ing one of the worst droughts on 
record, in 1971, only 87.9 cm (34.6 
inches) of precipitation was record- 
ed in the Everglades and Southwest 
Coast Climatic Division, and wild- 
fire caused severe damage throughout 
the Big Cypress watershed (Duever 
et al. 1979). Longterm spatial and 
temporal variation of droughts in 
south Florida is given in Figure 21. 
Of the nine droughts recorded from 
1940 to 1980 for Lake Trafford (48 
km or 30 mi ESE of Fort Myers) only 
four were concurrently observed at 
Fort Myers. The only drought to 
affect both Lake Trafford and Miami 
was in 1949, Miami and Fort Myers 
show no overlap of the ten worst 
droughts recorded at either station. 
This illustrates how localized even 
severe droughts are and how cautious 




















Figure 20. Average annual maximum 
rainfall (inches) for one day in 
south Florida (adapted from MacVicar 
1981). 


we must be in extrapolation of 
weather data from first-order weath- 
er stations (Fort Myers and Miami) 
to nearby areas (Duever et al, 
1979, MacVicar 1983). 


The effect of drought is aggra- 
vated or ameliorated by variations 
of temperature which affect transpi- 
ration, evaporation, and soil mois- 
ture. One of the more noteworthy 
Studies on this is that of Gannon 
(1978). His model of the daily sea- 
breeze circulation over the south 
Florida penin-ula showed that 
developments m the land surface, 
such as urbanization and wetland 
drainage, inadvertently modify 
weather patterns by redistributing 
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Figure 21. Severe droughts from 1890 to 1980 at Fort Myers, Lake Trafford, 
and Miami (adapted from Duever et al. 1979). 


in the overall 
Soil moisture 
{the ratio of 


rainfall via changes 
daily heat budget. 
and surface albedo 
reflected radiation to total radia- 
tion) are the two most important 
factors influencing the strength of 


daily sea-breeze circulation in 
Gannor's model. Surface albedo in 
turn is inversely related to soil 
moisture; consequently, wetland 
drainage may exert something of a 
self-accelerating effect on the 
daily hydrologic cycle by lowering 


soil moisture (which itself changes 
the heat budget), by providing less 
moisture for evapotranspiration, and 
by increasing surface albedo (which 
increases daytime heating). The 
total removal of wetlands from the 
weather cycle through asphalt and 
concrete paving and other urban 
development further amplifies the 
shift toward higher temperatures. 


The insidious implications of 
temperature change for fish and 
wildlife as well as for the human 
population of south Florida have 
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recently been noted by A. Marshall 
(Boyle and Mechum 1982). His hy- 
pothesis is that development = and 
drainage have slowly replaced Flor- 
ida's wet season “rain machine" with 
a relatively drier “heat machine". 
The wet-season rains, which = are 
so vital to south Flo-ida's eco- 
systems, are less frequent because 
of massive changes in the daily heat 
budget. 


3.3 WINDS 


Wind patterns in south Florida 
are determined by the interaction of 
prevailing easterly tradewinds and 
localized diurnal factors produced 
by land-sea convection patterns in 
the wet season and svnoptic-scale 
cold fronts during y season 
(Echternacht 1975). ‘nm a compre- 
hensive examination of seasonal dif- 
ferences in the large-scale wind 
fields for the Florida peninsula, 
Gruber (1969) described the seasonal! 
Streamlines at three vertical lev- 
els: 950 millibars (mb), at 0 to 








to 610 m (0 to 2,000 ft); 500 mb, at 
5,486 to 6,096 m (18,000 to 20,000 
ft); and 200 mb, at approximately 
12,192 m (40,000 ft). His work was 
summarized by Echternacht (1975) in 
an attempt to apply the wind-field 
patterns to potential air-pollution 
problems affecting south Florida. 
The four seasonal wind-field pat- 
terns adapted by Echternacht (1975) 
at the 950-mb level [i.e., for low- 
level winds) are illustrated’ in 
Figure 22. A dominant easterly in- 
fluence varying from east-northeast 
and east-southeast in fall and 
winter seasons, to southeast and 
south-southeast in spring and summer 
characterizes the Caloosahatchee 
River /Big Cypress watershed. 


The prevailing easterly winds 
interact with the two seasonal wind 
patterns described previously. For 
the wet season (May to October) 
convective-scale winds initiated by 
thermal gradients at the land-sea 
interface counter the prevailing 
southeasterly winds (Pielke 1973). 
The heating of the land surface pro- 
motes sea-breeze circulation during 
the day, causing a convergence of 
warm mvist air over the peninsula 
(Gannon 1978, Gutfreund 1978). At 
night the circulation reverses as 
the land cools” faster than the 
ocean, and air tends to diverge away 
from the peninsula. The recurrent 
wind cycle and maritime influence is 
significant to the reference areas’ 
wet-season climate because of the 
flat terrain and proximity to the 
water (< 40 km or 25 mi) (Bradley 
1972, Echternacht 1975). The daily 
changes in divergence over the 
Florida peninsula from June through 
August were monitored by Frank 
et al. (1967). As illustrated in 
Figure 23, a pronounced diurnal! pat- 
tern shows very strong convergence 
{i.e., negative divergence) peaking 
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from 12:00 to 2:00 P.M. This pattern 
demonstrates that the convective 
scale is the fundamental scale of 
motion during the watershed's wet 
season (Echternacht 1975). 


In the dry season (November to 
April) the convective = influence 
diminishes as the sun's angle of 
incidence decreases. This reduces 
the radiant heating of the land 
surface during the day and minimizes 
the thermal gradient between the 
land-sea surfaces (Blair and Fite 
1965). In the dry season, the wind 
patterns are influenced by synoptic- 
scale systems or winter § frontals 
moving cold air masses southward. 
Although south Florida is far enough 
to the south to remain under the 
influence of the easterlies year 
round (Figure 22; winter), a north- 
erly component, related to the 
Ssynoptic-scale systems, affects the 
daily weather patterns (Echternacht 
1975). Winter cold fronts typically 
pass over the watershed once a week 


during the dry season (Bamberg 
1980). Warzeski (1976) describes 
the cold front in south Fiorida as 
follows: 

An average cold front affects wind 
patterns in the Biscayne Hay reqin 
for 4 to 5% days, involving a. slow 
{60° Clockwise rotation of wind 
direction {direction from which the 
wind « blowing). Winds rise above 
ambient fhroughout ffiis period, 
reaching maxima roughly half a day 
before and after passage of the 
front itself. Voxirmum winds aheod 
of the front are from the southwest 


und reach & m/sec. Moximum winds 
during an exceptional cold front can 


reach 20 to J6 m/sec. 


Monthly wind speed and direc- 


tion for the watershed's first-order 
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Figure 22. Representative seasonal streamlines and isotachs over the Florida 


Peninsula (adapted from Echternacht 1975). 
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Figure 23. Average monthly divergence curves over the Florida Peninsula for 
June, July, and August, 1963 (adapted from Frank et al. 1967). 


weather station (Fort Myers) is sum- 
marized in the wind rose in Figure 
24 (Gutfreund 1978). Wind direc- 
tions most frequent each month are 
given in Table 5. These two methods 
of presentation (Figure 24 and Table 
5) do not give an adequate depiction 
of diurnal shifts in wind direction 
and speed caused by differential 
heating of air and water surfaces 
during the wet season, or the pas- 
sage of individual winter frontal 
systems; however, Figure 24 and 
Table 5 do indicate the predominance 
of different seasonal factors con- 
trolling wind. On a seasonal basis, 
highest average wind speeds are 
likely in tate winter and early 
spring, and lowest speeds are most 
likely in the summer. Localized 
high winds of short duration are 
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generated by summer thundershowers 
and cold fronts (Bradley 1972). 
Wind speeds associated with con- 
vective systems follow a_ diurnal 
pattern. On a typical day, wind 
speeds are lowest in the nightime, 
increase during the daylight hours 
to a peak in the late afternoon, and 
then decrease again in the evening 
(Gutfreund 1978). 


Synoptic-scale influences are 
related to the passage of the front, 
as previously described, rather than 
with diurnal patterns (Warzeski 
1976). The influence of synoptic- 
scale systems on prevailing wind 
direction is shown by the northerly 
component of the prevailing wind 
directions from October through 
January (Table 5). 














Figure 
Myers (adapted from Gutfreund 1978). 


Wind direction and speed tend 
to vary with height above the 
ground. The variation of wind 
direction with height is not always 
uniform, but wind speed generally 
increases with height over the flat 
terrain of the Caloosahatchee River/ 
Big Cypress watershed (Gutfreund 
1978). Seasonal variations in wind 
speed and direction at the 950-mb 
level (0 to 610 m or 0 to 2,000 ft) 
are given in Figure 22. 


3.8 TEMPERATURE 


The southern latitude and mar- 
itime influences are the primary 
controls on air temperatures in the 
Caloosahatchee River/Big Cypress 
watershed. The climate is basically 
subtropical/marine characterized by 
a long, warm summer followed by a 
mild, dry winter (Bradley 1972). 


Isotherms developed for south 
Florida (Thomas 1970) describing the 
mean annual temperature, and the 
mean monthly temperature for the 
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Table 5. Most common wind direction 
and speed by month for the Fort 
Myers first order weather station 
{adapted from USDC 1981a). 
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coolest month (January) and the 
warmest month (August) are illus- 
trated in Figure 25. Differences 
between coastal and inland areas are 
highlighted by isotherm contours 
that follow the coastline. Typical- 
ly, the lower west-coast air temper- 
atures vary about I°F from Punta 
Gorda to the Everglades. Along 
coastal areas the maritime influence 
causes low daily fluctuations of air 
temperature and rapid warming of 
cold air masses that pass to the 
east of the State (USDC 1981a). 
Inland areas generally display a 
greater range of air temperatures 
because of more rapid heating and 
cooling of ground surfaces (Gerrish 
1973, Gutfreund 1978). 
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Figure 25. isotherms for south Flor - 
ida annually, and in January and 
August (adapted from Thomas 1974). 


In winter, advective and radi- 
ational cooling processes, which 
follow frontal passages, cause sharp 
drops in temperature. As_ rainfall 
diminishes with the passage of a 
front, the cool, dry artic air from 
Canada causes brisk northwesterly 
winds, which at maximum velocity 
cause the lowest daytime tempera- 
tures. Nighttime cooling is preva- 
lent when large quantities of heat 
are lost by radiation from the land 
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surfaces (water is a poor radiator) 
during clear skies and calm winds. 
Cooling reaches a maximum a day or 
two after a front has passed, as the 
surface high-pressure system moves 
over or near Florida from the north- 
west. This cooling begins soon after 
sunset; and the lowest temperatures 
for the entire front are reached at 
dawn. Nighttime air-temperature 
gradients of 3.3°C to 8.3°C (6°F to 
15°F) are typical a few miles inland 
from the southwest Florida coastline 
during the passage of the synoptic 
cold systems as a result of radia- 
tion. In addition to coastal/inland 
air temperature gradients, a similar 
gradient (3.3°C to 5.6°C or 6°F to 


10°F) occurs between relatively 
high, dry land and adjacent moist 
lowlands. 


During calm, cold, clear nights 
(maximum radiation cooling), frost 
may form, particularly in low-lying 
inland areas. The frequency of 
frost varies from infrequent near 
Everglades City to seven or eight 
times a year just west of Lake Okee- 
chobee. When sustained freezing 
temperatures are combined with 
strong northwest winds, the pene- 
tration of cold is near maximum and 
crop and citrus damage is most 
severe. A severe freeze has been 
reported about once every 20 years 
(Table 6). Crops are most severely 
damaged if the freeze is followed 
by warm, dry weather. Water bodies 
are a natural heat source during 


these freezes, and moderate (via 
conduction) the surrounding air 
temper ature. 


Summer air-temperature gradi- 
ents may be as great as or greater 
than those reported for the winter. 
The air-temperature variation in the 
wet season, compared to the winter's 
synoptic-scale frontals, is  short- 
term, frequent, and spatially spo- 
radic, i.e., tied to the behavior of 








Table 6. Summary of severe freezes recorded in the Caloosahatchee River/ 
Big Cypress watershed (adapted from Bamberg 1980). 








Stations and Minimuen Temperatures*® 





PUNTA GORDA CAPTIVA COMMENTS 





20 


24 


27 


DATE FT. MYERS MOORE HAVEN EVERGLADES LABFLLE 
Dec. 12-13, 1934 24 23 28 
Jan. 27-29, 1940 9 23 24 
Dec. 12-13, 1957 28 29 32 
jan. 8-10, 1958 23 3 7 
Dec. 13-14, 1962 26 2 30 
jan. 20-22, 1977 30 25 29 
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28 _— Tender truck 
crops destroyed 

29 34 Cold winter, citrus dormant; 
all tender and mwch hardy 
truck crops kitted 

29 34 Strong winds and excessive 
rains; moderate to sewere 
Gamage to cane and — 

33 3 

25 79 Warm dry weather followed 
heavy cit*tus damage. 
Extensive 

26 -- Cold weather, citrus dormant 


Snow al! cownties, all 
tender, hardy truck and cane 
tilted. 








*incliudes minimum temperatures of each freeze occurrence from Weather Bureau data (1930-1979). 








the wet-season thunderstorms. Aijr 
temperatures generally rise to the 
upper 90's (Figure 26) as a thunder- 
storm develops nearby, and drop 
5§.6°C to 16.7°C (10°F to 30°F) when 
cool downdrafts generated from the 
thunderstorm precede the downpour 
(Bradley 1972, Bamberg 1980). The 
area between the southwest coast of 
Florida and Lake Okeechobee is one 
of two areas in the southeastern 
United States where air temperatures 
exceed 32.2°C (90°F) more than 120 
days a year (Figure 26). 


3.5 RELATIVE HUMIDITY 


A general description of rela- 
tive humidity is difficult for many 
areas because of large diurnal and 
seasonal variations (USDC 1981a); 
however, in Florida, and especially 
south Florida, the situation is less 
complex because of the abundance of 








Figure 26. Average annual number 
of days with maximum temperatures 
of 90°F or above (adapted from 
Gutfreund 1978). 











moisture throughout the year (Gut- 
freund 1978). Mean moninly relative 
humidities at the Fort Myers first- 
order weather station are summarized 
in Table 7. 


The mean annual relative humid- 
ity is quite uniform throughout 
the watershed, averaging about 75% 
{USDC 1981a). Relative humidities 
are generally highest in early morn- 
ing, about 80% to 90%, and generally 
lowest in the afternoon, about 50% 
to 70%. Although seasonal differ- 
ences are not great, mean relative 


Table 7. Mean monthly relative hu- 
midities (%) for 0100, 0700, 1300, 
and 1900 hours, and 24 hour average 
(adapted from USDC 1981a). 














Ft. Myers, Page Field 24-hr 
Month 0100 0700 1300 1900 Avg | 
J AN 86 88 58 73 76 
FEB 84 88 55 70 76 
MAR 84 89 52 68 73 
APR 84 88 48 65 71 
MAY 85 88 51 67 73 
J UN 88 88 59 74 77 
JUL 88 88 60 75 78 
AUG 88 89 61 17 79 
SEP 88 90 62 78 80 
OCT 86 88 57 73 76 
NOV 87 89 56 74 77 
DEC 87 89 56 75 77 
20 YEAR 
AVERAGE 86 89 56 72 76 
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in the 
in the 


humidities tend to be lowest 
spring (April) and highest 
summer and fall. 


The daily variation in relative 
humidity tor the Caloosahatchee 
River/Big Cypress watershed is much 
greater than reported for the lower 


Florida east coast and Keys, par- 
ticularly during the dry season 
(Figure 27). This variation is 


caused by the prevailing easterly 
winds that bring more moderate and 
Stable Culf Stream air over the 
southeastern coast as opposed to 
alternating moist and dry air masses 
carried over the southwest coast. 


3.6 SOLAR RADIATION 


Atmospheric _ solar radiation 
varies little in the Caloosahatchee 
River/Big Cypress watershed (Gut- 
freund 1978). Factors that do vary 
are cloud cover, air poliution 
(particulates) and relative humid- 
ity, which modify the transmission, 
apsorption, and reflection of solar 
energy (Blair and Fite 1965, Bamberg 
1980). These factors largely de- 
termine the amount of solar radia- 


tion reaching the land and water 
surface. 
Miami is the only first-order 


sseather station that collects solar 
radiation data in or near the water- 
shed (Bradley 1972). The average 
daily solar radiation is 447 lang- 
leys (gm-cal/cm2). Monthly varia- 
tions range from 319 langleys_ in 
December to 572 langleys in April 
(Bradley 1972, Multer 1977). The 
higher values are reported during 
middie to iate spring rather than 
during the summer solstice (when the 
angle of incidence is least) because 
of increased precipitation and cloud 
cover preceding and during south 
Florida's wet season. 
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Figure 27. Diurnal patterns of relative humidity at three selected sites 
over south Florida in April and September (adapted from USDC 198la, 1981b, 
1981c). 
Although atmospheric solar that Fort Myers is representative 
radiation is consistent in the of the coastal environment of the 
watershed, the insolation (radiation watershed. The coastal areas exhibit 


reaching the ground/water surface) 
varies depending upon local atmo- 
spheric differences (Bamberg 1980). 
Climatic data observed at Fort Myers 
and Miami first-order stations are 
shown in Table 8 These data are 
either direct measurements of incom- 
ing solar radiation or observations 
that measure the factors affecting 
the passage of solar energy through 
the atmosphere (Bradley 1972, USDC 
1981a, 1981b). Since the Miami 
Station is located approximately 9 
miles inland, data from this station 
is probably representative of the 
southwest Florida inland environment 
(USDC 1981b). It is also assumed 
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less cloud cover and more clear days 
than inland areas, especially in the 
dry season (Nov. to Apr.), when the 
highest number of clear days are re- 
ported. The number of days of heavy 
fog increases in south Florida from 
south to north, and from east to 
west (Table 8). In the dry season, 
fog is usually an early-morning or 
late-night phenomenon, and usually 
dissipates or thins soon after sun- 


rise (USDC 1981la, 1981b). Heavy 
daytime fog is seldom observed in 
south Florida (Bradley 1972). The 


mean annual total sunshine for the 
watershed averages approximately 
3000 hours (Gutfreund 1978). 





Table 8. 


Solar radiation and related climatological data for Miami 


and 


Fort Myers first-order weather stations (adapted from Sradley 1972; USDC 


1S8ia, 1981b). 





























Miami International Airport Ft. Myers Paze Field 
Month (1) (2; (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6 
N/A 
J AN 61 5.3 10 12 9 1 334 5.0 11 12 8 5 
FEB 61 5.3 9 11 8 1 397 4.9 11 10 7 3 
MAR 78 5.4 8 15 8 1 475 4.9 12 11 8 3 
APR 80 5.4 8 15 7 1 572 4.6 11 13 6 2 
MAY 66 6.0 6 15 10 ° 540 5.0 9 15 7 1 
J UN 76 6.8 3 14 +13 0 506 6.1 5 15 16 © 
JUL 78 6.6 2 17. 12 ° 539 6.5 2 18 #17 ° 
AUG 74 6.6 2 18 #17 ° 510 6.3 3 18 10 © 
SEP 73 «6.8 2 15 13 ° 440 6.2 4 15 «171 . 
OCT 70 6.0 6 14 «WNT ° 387 5.0 11 12 8 1 
NOV 63 5.4 8 14 8 1 350 4.7 12 11 7 2 
DEC 60 5.3 9 13 9 1 319 4.9 12 11 8 4 
AVERAGE 70 5.9 73 173 119 9 447 5.3 103 151 101 21 
(1) Percent of possible sunshine (5) Mean number of cloudy days 
(2)Mean sky cover sunrise to sunset (tenths) (6) Mean number of days with heavy 
(3)Mean number of clear days fog 
‘4)Mean number of partly cloudy days (7) Average daily solar radiation 
in langleys 
3.7 EVAPOTRANSPIRATION movement of water vapor from a liv- 
ing body through membranes, pores, 
Evaporation and _ transpiration and/or cellular’ interstitial spaces 
{together called evapotranspiration, by diffusion to the externa! surface 
ET) describe two processes that and then to the atmosphere, or the 
move moisture into the atmosphere in evaporation of water from living 
the form of water vapor. Evaporation surfaces directiy into the atmo- 
describes the passage of vapor to sphere. Aithough all living surfaces 
the atmosphere directly from. the transpire, vegetation is the primary 
surface of water bodies, from source, 
surface and near-surface soils, and 
from impervious surfaces on which The two major factors that 
moisture has collected (Bamberg control ET are solar energy and 
1980). Transpiration describes the relative humidity. Solar energy 
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provides the heat necessary to 
transform liquid water intc vapor. 
The amount of solar energy reaching 
the earth's surface is modified by 
cloud cover, air pollution, and 
angle of incidence to the earth's 
surface. Relative humidity (RH) is 
a measure of air moisture percentage 
saturation. The RH of fog, for 
example, usually is 100%, whereas 
the RH during rainfall may be less. 
ET is inversely related to RH; as 
RH increases, ET decreases. Other 
factors controlling ET are wind (ve- 
locity and duration), wave action, 
ground cover (type and density), 
shade, barometric pressure, temper- 


ature (air and surface), soil type, 
soi! moisture content, and water 
table depth (Parker et al. 1955, 


Dohrenwend 1977, Palmer 1878, Duever 


et al. 1979, Bamberg 1980, Wyllie 
1981). 
Evapotranspiration, especially 


during saturated soil conditions, 
becomes an important control of sea 
breeze intensity and ultimately the 
formation of convective storms. The 
heat-consumptive process associated 
with high evaporation rates causes 
slightly higher temperature gradi- 
ents between cooler iniand = areas 
and warmer coastal urban strips 
(Gannon 1978, BDamberg 1980). These 
conditions are more prevalent one to 
two days following a heavy rainfall. 
Because ET is a cooling phenomenon, 
land-water gradients are reduced, 
convective processes are reduced, 
and the recently rainec-on = area 
receives less rainfall. The overal! 
effect is the creation of a natural 
feedback mechanism which results in 
a more ever: spatial distribution of 
seasonal rainfall (Bamberg 1980). 


Estimates of evapotranspiration 
in southwest Florida range from 76.2 
cm (30 inches) per year to 121.9 cm 
(48 inches) per year (Dohrenwend 
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1977, Palmer 1978}. Predicted evapo- 
transpiration patterns for Florida 
are given in Figure 28. Estimated 


annual values range from greater 
than 100 cm (39.4 inches) in the 
central southern watershed to less 
than 95 cm (37.4 inches} in the 
north (Donrenwend 1977). 
3.8 HURRICANES 

The climatic conditions of 
south Florida may be divided into 
three energy levels or _ intensities 


(Warzeski 1976). They are prevail- 
ing mild southeast and east winds, 
winter cold fronts, and _ tropical 
storms and hurricanes. The first 
two were discussed before in the 
sections on wind and rainfall. Trop- 


ical storms and hurricanes, because 
of their destructive Capacity, 
importance as an ecological force, 


and unique climatic characteristics, 
are described here as a separate 
climatic element. 
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Figure 28. Predicted evapotranspi- 
ration patterns in Florida (adapted 
from Dohrenwend 1977). 
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In summer and fall, low-pressure 
areas that originate in the warm, 
moist air of the equatorial! trough 
are relatively common. The winds 
are light and usually drift from 
east to west. At that time atmo- 
spheric waves appear in the easterly 
flow and proceed westward at 16 to 
24 km per hr (10 to 15 mph) (Blair 
and Fite 1965). These easterly 
waves usually form between 5° and 
20° north of the equator. From this 
point easterly wave developments may 
go through one or all four stages of 
@ tropical cyclone as described by 
Rieh! (1954): 

(1) Formative stage. Winds usu- 
ally remain below hurricane 
force. The strongest winds 
are generally in one quad- 
rant, poleward and east of 
the center of a deepening of 
the barometric trough. Areas 
of weak wind circulation 
(less than 61 km or 38 mi 
per hour) are referred to as 
"tropical depressions" or 
“tropical disturbances". 
These disturbances move in a 
very rough counterclock wise 
direction and may travel 
great distances organized as 
such (Gentry 1974). 
Immature stage. If the shal- 
low depressions’ intensify 
with winds exceeding 61 im 
per hour (38 mph) the "trop- 
ical depression" has become 
a “tropical storm" charac- 
terized by barometric pres- 
sures dropping to 1000 mb 
and be'ow, and winds forming 
tighter concentric bands 
around the center or eye. 
The cloud and rain patterns 
also change from disor ganiz- 
ed squalls to narrow orga- 
nized bands spiraling inward 
(Rieh! 1954). If the winds 
intensify to 119 km per hour 
(74 mph) or more, a tropical 


(2) 
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is born (Gentry 
Still only a rela- 
tively small area is in- 
volved, i.e., a hurricane 
force wind radius of 32 
to 48 km (20 to 30 miles) 
(Rieh! 1954). 

Mature stage. The surface 
pressure at the center is no 
longer falling and the maxi- 
mum wind speed no longer 
increases (Riehi 1954). In- 
stead the circulation ex- 
pands, extending the radius 
of hurricane force winds. 
Decaying stage. Tropical 
cyclones, both mature and 
immature, generally move 
westward in the prevailing 
westward drift of the east- 
erlies. They enter the 
decaying stage as they re- 
curve from the tropics and 


hurricane 
1974). 


(3) 


(4) 


enter the belt of wester- 
lies, usually decreasing in 
size (Riehl 1954, and Blair 


and Fite 1965). 


During the immature and mature 
stages the general westward movement 
ranges from 16 to 48 km per hr (10 
to 30 mph). The typical path is 
parabolic, although the actual path 
of any given storm is governed by 
the winds existing above it, causing 
a multitude of speed and directional 
changes (Blair and Fite 1965). Blair 
and Fite (1965) provide a concise 
description of the passage of a 
hurricane over south Florida: 


As such a storm approaches, the 
barometer begins falling, slowly at 
first and then more and more rupid- 


ly, while the wind increases from a 
gentle breeze to hurricane force, 
and the clouds thicken from cirrus 
und cirrostratus to dense cumulo- 
nimbus, attended by thunder and 
lightning and excessive rain. These 
conditions continue” for — several 
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hours, spreading destruction in 
their course. Then suddenly the eye 
of the storm arrives, the wind and 
the rain cease, the sky clears, or 
partly so, and the pressure no lon- 
ger falls but remains at its lowest. 
This phase may last thirty minutes 
or longer, and then the storm begins 
uguin in all its severity, as be- 
fore. except that the wind is from 
the snosit: direction and the pres- 


sure is rising rapidly. As _ this 
continues, the wind gradually de- 
creases in violence until the tem- 
pest is passed and the _ tropical 


oceans resume their normal repose. 
The violent portion of the storm 
may last from twelve to twenty-four 
hours. 


South Florida is subjected to 
more hurricanes and tropical storms 
than any other area of equal size in 
the United States (Gentry 1974). The 
Caloosahatchee River/Big Cypress wa- 
tershed is exposed to both Atlantic 
and Carribean hurricanes. Generally, 


tropical cyclones strike the east 
coast of south Florida from an ESE 
direction - a predominant direction 
for Atlantic hurricanes before 
recurvature (Jordan 1973, Ho et al. 
1975). The west coast of south 
Florida is vulnerable to late-season 


tropical cyclones moving in a north- 
eastward direction after recurvature 
(Cry 1965, Bradley 1972). Figure 
29 «illustrates the frequency of 
hurricanes along the Atlantic coast- 
line for 5 of 58 coastal segments 
delineated by Simpson and Lawrence 
(1971). Of the 38 hurricanes that 
passed over Florida's southwest 
coast from 1901 to 1971, 30 were 
in August, September, or October 
(Jordan 1973). Points of entry of 
tropical storms and hurricanes in 
south Florida are shown in Figure 
29. Tropical storms cause destruc- 
tion once every 3 years south of the 
Everglades and once every 5 years 
farther north in the watershed 
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Figure 29. Points of entry and prob- 
abilities of hurricanes at selected 
coastal ications {adapted from 
Jordan 1973). 


(Bamberg 1980). The average forward 
speed for hurricanes affecting south 
Florida is 10 knots; the radius of 
maximum winds extends an average of 
20 nautical miles from the center 


(Ho et al. 1975). Detailed descrip- 
tions of the passage of specific 
hurricanes and _ tropical storms 


through south Florida are reported 
in the U.S. Department of Commerce 
"Monthly Weather Review". This 
review summarizes all meterological 
data on the passage of tropical 
waves, disturbances, storms, and 
hurricanes for each year's hurricane 
season. 


The three primary forces asso- 
ciated with the passage of a hur- 
ricane are wind, storm surge, and 
rain. Sustained winds over 20C km 
per hour (125 mph) are necessary for 
a hurricane to be classified a 
"Great Hurricane". Ball et al. 
(1967), Pray (1966), and Perkins and 
Enos (1968) describe the passages of 
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two Great Hurricanes, Donna (Sept. 
1960) and Betsy (Sept. 1965), 
through the Florida Keys. Winds 
over 200 km per hour (125 mph) have 
been reported in south Florida on 
several occasions during the last 
century (Sugg et al. 1971, see Fig- 
ure 29). The most notable was the 
"Labor Day" hurricane in 1935, which 
passed over Long Key with highest 
suStained winds estimated at between 
322 and 402 km per hr (200 to 250 
mph), according to Bradley (1972). 


The ecological significance of 
hurricanes can best be understood 
when it is known that the wind force 
increases by the square of the wind 
speed. In other words, a 150-km-per- 
hour (93 mph) wind exerts four times 
as much force as a 75-km-per-hour 
(47 mph) wind. When hurricane winds 
exceed 400 km per hour (249 mph), as 
was estimated for the “Labor Day" 
hurricane, their strength becomes 
almost inconceivable (Gentry 1974). 

A storm surge, of high tides 
and rough seas, is caused by a 
complex interaction of wind, air 
pressure, and the bottom topography 
of waters adjacent to the’ land 
(Gentry 1974). The effects are more 
pronounced when the storm moves 
onshore, as opposed to moving along 
the coastline. Since 1873, eight 
hurricanes have caused record storm 
tides in south Florida (Simpson 
et al. 1969). Some of the most 
pronounced surges along the coast 
are given in Table 9 (Jordan 1973). 
No discernible pattern of these 
great storms is apparent - all areas 
of the coast were equally affected. 
Record storm-surge tides range be- 
tween 2.9 and 5.5 m (9.5 to 18 ft) 
above undisturbed waters (Simpson 


et al. 1969). In addition to high 
tides, coastal areas are also sub- 
ject to strong wave action that 
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Table 93. Major hurricane’ storm 
surges between Fort Myers and Ever- 
glades City (adapted from Jordan 
1973). 











Surge height Month of | 
Location (feet) occurrenc 
Ft. Myers 9 Oct. 1921 
Punta Gorda 14 Oct. 1873 
Naples 11 Oct. 1944 
Marco Island 10 Oct. 1910 
Evergiades 10 Oct. 1910 








causes waters to reach even further 
inland than indicatea by _ tide 
heights alone (Gentry 1974). The 
highest recorded storm surge along 
Florida's southwest coast occurred 
in 1873 when a 4.3 m (14 ft) tide 
destroyed the island community of 
Punta Rassa (Sugg et al. 1971). 

The amount of rainfall from 
tropical storms varies according to 
the intensity of rainfall, the rate 
of forward movement, and the size of 
the storm (Gentry 1974). Because of 
the violent nature of the storm, the 
error in the rainfall measurements 
may be as high as 50%. Usually 12.5 
to 25 cm (5 to 10 inches) of rain 
are recorded at any one point during 
the passage of a tropical storm 
(Gentry 1974). Reports of excessive 
rainfall (> 20 cm or 8 inches) in 
conjunction with hurricanes crossing 
the coast near the Caloosahatchee 
River/Big Cypress watershed are 
given in Table 10. Although Great 
Hurricane Donna (1960) passed over 
this coastline, it was a compara- 
tively “dry" hurricane. Precipita- 
tion was only 5 to 8 cm (2 to 3 
inches). Donna's winds, however, 
reached 241 km per hour (150 mph) 
and caused extensive damage to Ever- 
glades City and other areas along 
the coast (Bamberg 1980). 
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Table 10. Maximum hurricane rainfall for the Caloosahatchee River/Big 
Cypress watershed (adapted from Bamberg 1980). 
Stations® Oct. 1929 Sept. 1926 Sept. 1929 Sept. 194 
Moore Haven 9.14 -- -- 10.26 
Everglades 15.66 8.02 9.37 8.76 
Ft. Myers -- -- 7.66 — 
La Belle -- -- 8.69 11.15 
Punta Gorda -- -- 8.00 10.26 
*Rainfall listed only if any single station received a total rainfall 
| equal to or exceeding 8 inches during hurricane passage. 
3.9 AIR POLLUTION grasses and sugar cane residue 


The three natural and man-made 
sources of atmospheric contaminants 
in south Florida are: (1) sources 
for small particulate matter that 
can form condensation nuclei, (2) 
sources for particulate matter 
suspended in the air that can be 
scavenged by falling raindrops, and 
(3) sources of solutes which are 
dissolved in condensation particles 
or cloud’ droplets (Echternacht 
1975). Their geographic distribution 
is dependent on watershed weather 
patterns. For the Caloosahatchee 
River/Big Cypress watershed it is a 
wet-dry season variation. Passage 
of large-scale synoptic (or pres- 
sure) systems during the dry season 
(Nov. to Apr.} may contain pollut- 
ants from sources far removed from 
the State (Echternecht 1975), in 
addition to localized sources (Holle 
1971). Wet-seeson convective sys- 
tems, exhibiting diurnal activity 
related to land-sea breeze inter- 
actions, convey atmospheric contami- 
nants primarily from local sources, 
i.@., automobile emissions, stack 
gases, fertilizer and _ pesticide 
dusts, and ash from burned marsh 


(Holle 1971, Echternacht 1975). 


Two mechanisms are involved in 
the movement of air-borne contami- 
nants from the atmosphere to the 
land and water surface. The mate- 
rial, inorganic and organic, is 
transported either by wet or dry 
fallout (Irwin and Kirkland 1980). 
Material associated with dry fallout 
is in a continuous flux of suspen- 
sion and deposition, e.g., wind- 
generated dust ana car emissions. 
Those materials deposited during wet 
fallout or rainfall, either in a 
dissolved or particulate form, are 
affected by two processes referred 
to as rainout and washout (Echter- 
nacht 1975). Semonim and Adams 
(1971) describe rainout as the re- 
moval of aerosols in the rainmaking 
process, and washout as the process 
of falling rain scavenging air-borne 


particulates. For instance,’ in 
south Florida, Echternacht§ (1975) 
concluded that with nutrient fall- 


out, total phosphate (TPOy) in the 
particulate form is subject to the 


washout process, i.e., scavenging of 
particulates by falling rain, and as 
dry fallout year round. In contrast, 








nitrogen as NO, is primarily in 
the solute form and is_ therefore 
removed in the _ rainout process. 
Total atmospheric fallout, wet plus 
dry, is commonly reported as bulk 
precipitation and consists of dis- 
solved materials in aqueous precipi- 
tation, the water-soluble component 
of dry precipitation, and the water- 
insoluble component of either wet 
or dry precipitation (Irwin = § and 
Kirkland 1980). 


Qualitative rainfall character- 
istics at selected USGS study sites 
in Florida, including’ six _ sites 
within or adjacent to the Caloosa- 
hatchee River /Big Cypress watershed, 
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Diagrams show general chemical 
character of bulk precipitation. 
The ionic concentrations are 
plotted for sodium ard potassium 
(Na+K), calcium (Ca), magnesium 





and 


Irwin 
The mean chemical 
composition of the more common inor- 


were summarized by 
Kirkland (1980). 


ganic ions in_ rainfall are illus- 
trated in Figure 30. Site 4 (40 Mile 
Bend, Tamiami Trail} in the extreme 
southern end of the basin exhibits a 
predominantly calcium bicarbonate 
water type. Site 14 (Sanibel Island) 
is a sodium chloride water type 
reflecting the maritime influence on 
the island. The Moore Haven sites 
at Lake Okeechobee show a mixture of 
both types. Higher calcium/bicar- 
bonate levels observed in this basin 
(site 4) are believed to be derived 
from fine rock and marl = so'‘s 
(Waller and Earle 1975). 
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(Mg), chloride (C1), bicarbonate 
(HCO3), and sulfate (S0g). Anions 
are plotted to the right of tie 
centerline and cations to the left. 
The area of a diagram is an in- 
dication of the dissolved-solids 
concentration--larger areas reflect 
greater dissolved solids concentration. 
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Figure 30. Average chemical concentrations of precipitation at sampling sites 
in and adjacent to the watershed (adapted from Irwin and Kirkland 1980). 
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Bulk precipitation comprises as 
much as 78% of the total annual in- 
put of nitrogen and 90% of the input 
of phosphorus to the conservation 
areas north of the Everglades Na- 
tional Park (Waller 1975). Davis 
and Wisniewski (1975) reported that 
nutrient loading via_ rainfall ac- 
counted for 19% and 11% of the total 


Spatially, nitrates in south 
Florida exhibit a north-south gradi- 
ent and a maximum in the area easi 
of Lake Okeechobee. Phosphorus is 
even more variable, but still shows 
a similar north-south gradient (with 
several maximums) around Lake Okee- 
chobee (Echternacht 1975, Davis and 
Wisniewski 1975). 


nitrogen and phosphorus loading to 
Lake Okeechobee. The majority of 
the loading is during the wet sea- 
son. Concentrations in dry fallout 
tend to increase during the dry 
season (Waller and Earle 1975, Ech- 
termacht 1975). The South Florida 
Water Management District's rain- 
water chemistry data _ illustrates 
this seasonal difference of nitrogen 
and phosphorus concentrations (Ech- 
ternacht 1975). Peak concentrations 
in the spring, characterized by 
high winds and low rainfall, are for trace metals in bulk precipita- 
representative of high dry fallout tion. Of all trace metals, cadmium 
conditions (Table 11). Fire is also and zinc show up in the most poten- 
believed to be a factor in enhancing tially hazardous concentrations, but 
the concentration of dry fallout in these concentrations are believed to 
the dry season (Holle 1971 Waller result from contamination by nearby 
and Earle 1975). Summer months, galvanized metals (Waller and Earle 
during peak rainfall! and maximum 1975). Single samples were analyzed 
dilution, show the lowest concen- from sites 14, 16, and 17; sites 16 
trations. & 17 (from Moore Haven) exhibited 


Most trace metals in bulk pre- 
cipitation are derived from dry 
soils and fine rock material wafted 
into the air by winds. Mercury and 
arsenic, however, are believed 
related to pesticide use in nearby 
agricultural operations (Waller and 
Earle 1975). Lead and iron are at- 
tributed to motor vehicle emissions 
{Irwin and Kirkland 1980). Site 4 
(Tamiami Trail, 40 Mile Bend) is the 
only site in the watershed monitored 


Table 11. Seasonal averages of nutrient concentrations in rainwater 
at Tamiami Trail, 40 Mile Bend (adapted from Echternacht 1975). 











Armon ium Nitrate Nitrite Orthophosphate Total prospnacg 
NH+ ND3 ND» OP TP 
Season ppm ppm ppm ppm ppm 
Summe r 0.30 0.28 0.01 0.03 0.04 
Fall 0.61 0.26 0.02 0.06 0.07 
Winter 1.91 0.27 0.02 0.08 0.09 
Spring 2.20 0.49 0.06 0.13 0.30 
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much higher concentrations of lead 
than site 4 (40 Mile Bend, Tamiami 
Trail). Trace-metal sampling sites 
for measuring local phenomena are 
usually located near highways, so it 
is unlikely that they are represen- 
tative (Irwin and Kirkland 1980). 


The reported pH of rainfall 
at sites 4, 14, 16, and 17 in the 
watershed ranged from 5.5 to 8.8 
(Irwin and Kirkland 1980). This data 
should be viewed as only approximate 
due to the holding times imposed. 
Data on selected pesticides and 
industrial compounds monitored are 
rather limited. Trace amounts of 
malathion and diazinon were reported 
at 40 Mile Bend (site 4). 


Airborn sulfur dioxides in the 
state of Florida have been monitored 
in Hillsoorough, Duval, and Escambia 
counties and to a lesser extent in 
the remaining Florida counties. 
This survey showed very low sulfur- 
dioxide emission rates for the 
counties in the watershed. The 
largest source is the fossiil-fueled 
power plant at Fort Myers. At this 
location the 24-hour maximum con- 
centrations of SO) have been and 
should continue to be far below 
Florida and “national air-quality 
standards, even at locations where 
the maximum combined effects are 
expected. 


Normally, air temperature de- 
creases with an increase in alti- 
tude, but occasionally the reverse 
occurs, i.e., the temperature in- 
creases with height within a given 
atmospheric layer or between layers. 
This phenomena is called an inver- 
sion of temperature or simply an 
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inversion. Inversion is most common 
on calm, clear nights, when the soil 
cools rapidly by radiation. The 
adjacent near-surface air is cooled 
by conduction and radiation more 
rapidiy than the air above it, 
creating an inversion. During the 
inversion, the air column involved 
is stable, but when air temperatures 
decrease with height (a condition 
favorable to convection) the air 
column is considered unstable (Blair 
and Fite 1965). The significance of 


an inversion to air quality is_ its 
effect on mixing, dilution, or 
dispersion of air pollutants. Air 


within an inversion is trapped and 
near-ground pollutants, e.g., vehi- 
cle emissions, can build up = and 
create a health hazard in the more 
common near-surface inversions 
(Gutfreund 1978). 


The general pattern of inver- 
sion frequency is consistent from 
season to season. Low-level inver- 
sions are least frequent in the 
seuth of the watershed, but increase 
to the north. Annual variation 
ranges from 10% at 40 Mile Bend 
along Tamiami Trail to about 30% of 
the time north of the Caloosahatchee 
River (Hosler 1961). Seasonally, 
inversions are more common in fall 
and winter and ieast common in sum- 
mer. In addition to the north-south 
gradient, inversions tend to in- 
crease and are much stronger inland 
than along coastal areas (Gerrish 
1973, Gutfreund 1978); however, 
because of the diurnal nature of 
inversion phenomenon, — significant 
atmospheric pollutant build-up sel- 
dom occurs. The daily inversions 
are quickly dispersed by the dynamic 
wind and rain patterns over the 
watershed (Gutfreund 1978). 
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CHAPTER & 
HYDROLOGY AND WATER QUALITY 


8.1 INTRODUCTION 

The surface-water drainage of 
the Caloosahatchee River/Big Cypress 
watershed consists of a mixture of 
co '' se waterways (strands), rela- 
tively few distinct stream channels, 
and an extensive network of man-made 


canals. The identifiable drainage 
basins shown in Figure 31 are as 
follows: 


{1) The Caloosahatchee Valley & 

River watershed. 

The Estero Bay and Imperial 

River watershed. 

(3) The Golden Gate Canal / Gordon 
River/Cocohatchee River Ca- 
nal drainage to Cocohatchee 
Bay, Rookery Bay, Naples 
Bay, and the Ten Thousand 
islands. 

(4) The Turner and Barron River 
Canals and the Big Cypress 


(2) 


National Preserve drain- 
age to Chokoloskee Bay and 
south. 


Fresh groundwater for domestic, 
agricultural, and industrial pur- 
poses has a number of sources. in 
the upper Caloosahatchee Valley, a 
combination of shallow aquifers, 
including the shallow water table, 
the Tamiami, and the lower Hawthorn 
and Floridan aquifers are sources of 
groundwater. These same sources 
plus the upper Hawthorn Aquifer 
supply groundwater to the Estero Bay 
watershed. In southern Collier Coun- 
ty, groundwater is drawn from the 
shallow water table and the T amiami 
and Floridan Aquifers (SFWMD 1980, 
Burns 1983, Jakob 1983). 


Some of the characteristics of 
the surface water drainage in the 
Caloosahatchee River watershed have 
been modified by agricultural prac- 
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tices and navigational channels. 
Sixty (60) tributaries make up the 
Caloosahatchee River watershed. The 
major tributaries are _ listed = in 
descending (upstream to downstream) 
order in Tables 12 and 13. The 
Caloosahatchee River watershed (USGS 
Hydrologic Unit 03090205) is divided 
into the East Caloosahatchee basin, 
the West Caloosahatchee basin, the 
Telegraph Swamp basin, and the 
Caloosahatchee River Tidal Basin. 


At one time the Caloosahatchee 
River was a natural water course 
that began in the vicinity of Lake 
Hicpochee and flowed about 78.8 km 


(99 mi) to the Gulf of Mexico. 
In 1884 a canal was constructed, 
connecting the river with Lake 


Okeechobee at Moore Haven. in 1918 
three combination lock and spillway 
structures were constructed at Moore 
Haven, Citrus Center, and Fort 
Thompson. By 1937, after improve- 
ments authorized by the 1930 River 
and Harbors Acts, the Caloosahatchee 
River had a navigable channel about 
2m (6.6 ft) deep and 24 m (80 ft) 
wide (Miller et al. 1982). From 
1962 to 1968 the last major improve- 
ments were completed under the 
auspices of the Central and Southern 
Florida Flood Control Project. The 
old lock structures were replaced by 
three primary facilities: $-77, 
S-78, and S-79. Farthest upstream 
at Moore Haven, Lake Okeechobee 
waters are released through a 
combination spillway (S-77) and 
navigation lock (HGS No.1). West of 
S-77 about 24 km ‘*° mi), a second 
lock and spillway (5-78, Ortoona 
Lock) controls water levels on 
adjacent upstream lands. The W.P. 
Franklin Lock and Dam (S-79) at Fort 
Myers prevents saltwater intrusion 
from the west and controls water 
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Figure 31. Subdrainage basins within the Caloosshatchee River/Big Cypress 


watershed (adapted from SFWMD 1980). 
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Table 12. Major upstream tributaries (above Ortona Lock) associated 
with Caloosahatchee River drainage (adapted from SFWMD 1380). 





Tributaries entering from: 








Moore Haven South North 
Diston Itstand Canal C-19 Canal 
Nine Mile Cana! Kangeline Canal 
Whidden Corner Cana! Rayce Canal 
Lake Hicpochee Canal Meander Line Cana! 
downstream to Grassy Marsh East Cana! Citrus Center Canal 
Grassy Marsh West Canal! Turkey Braach 
42' Canal (Beautiful Hammock) 
Long Hammock Cana! 
Goodno Canal 














Ortona Lock 





Table 13. Major downstream tributaries (below Ortona Lock) associated 
with Caloosahatchee River drainage (adapted from SFWMD 1980). 





Tributaries entering from: 




















Ortona Lock South North 
Goodno #2 Canal Cypress Branch 
Goodno #1 Cana! Deadman's Branch 
Okaloacoochee Branch East Spoil Canal 
LaBelle Canal West Spoin Canal 
Messer Canal North LaBelle Canal! 
downstream to Crawford Canal Pollywog Creek 
Roberts Cana! Bee Branch 
Townsend Cana! Jacks Branch 
State Road 80 - Bedman Creek Mouth Canal 
State Road 80 Mouth 
Mouth, Spanish Creek 
Mouth, Cypress Creek 
Franklin Lock Minor Basin 
Mouth 
| Mouth, Telegraph Creek 
levels for the remaining 42 km (26 LaBelle and the Franklin Locks 
mi) reach, west of S-78. (Milleson 1980). 

Presently the Caloosahatchee Water flow and stage heights in 
River (C-43) is an improved canal, the Caloosahatchee River canal are 
104.6 km (65 mi) long, 50 to 130 m maintained for a variety of needs, 
(55 to 142 yd) wide, and 6 to 9 m including local drainage and flood 
{20 to 3 it) deep (Miller et al. control, irrigation and municipal 
1982). Since 1945 many of the river water supply, navigation, salinity 
oxbows have fallen victim to the control, and maintenance of the 
channelization. Thirty-five oxbows Lake Okeechobee regulation schedule 
still remain between the town of (SFWMD 1980). The canal stage is 

§2 








maintained at about 3 m (11 ft) 
above mean sea level at the Ortona 
Lock (S-78) and 1m (3 ft) above msl 
at Franklin Lock (S-79). A summary 
of monthly average flows at several 
Caloosahatchee River stations. is 
given in Figure 32. 


8.2 CALOOSAHATCHEE RIVER 
WATERSHED 


8.2.1 Freshwater Caloosahaichee 
River 





Structure-78 (Ortona Lock) sep- 
arates the freshwater portion of the 
Caloosahatchee River watershed into 
two distinct hydrologic units, the 
East and West Basins. 


MOORE HAVEN 








S88388 


ORTONA LOCK 


aan 


FRANKLIN LOCK 
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Figure 32. Monthly average stream 
flow (cfs) at three Caloosahatchee 
River stations (adapted from 
SFWMD 1980). 
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The East Basin or upperpool 
(Figure 33), encompasses an area of 
875 km? (216,133 acres). Average 
discharge near its upstream end, 
at Moore Haven is 27.0 m3/s (954 
cfs). Themaximum recorded discharge 
is 235 m3/s (8290 cfs) and minimum 


discharge is -56.9 m/s (-2,010 
cfs). The minus values indicate 
back pumping to the lake. Estimated 


seepage when the locks are closed 
averages as much as 0.142 m3/s 
(5.0 cfs) according to USGS 
(1981). 


Tributary drainage in the East 
Basin is more complex than the 
drainage of the West Basin, primari- 
ly because of the land use and water 


control (Miller et al. 1982). Land 
use in the East Basin is primarily 
agricultural; consequently, — irri- 
gation of croplands is the most 


important water use. Irrigation is 
controlled by extensive canal net- 
works that drain flood waters during 
the wet season and recharge the 
shallow water table during the dry 
season. Tributary streams that drain 
into the east Caloosahatchee River 
are listed in Table 12. 


To the north of the river in 
Glades County, four canals dominate 
the watershed. These, in descending 
order downstream are the C-19 Canal, 
the Bayce Canal, the Meander Line 
Canal, and the Citrus Center Canal. 
Turkey Branch enters the Caloosa- 
hatchee River from the north a few 
miles upstream from the Ortona 
Locks. To the south of the Caloo- 
sahatchee River, in Hendry County, 
the Whidden Corner Canal, the Lake 
Hicpochee Canal, the Grassy Marsh 
East and West Canals, and Long 
Hammock Canal dominate the water- 
shed. The Goodno Canal enters the 
Caloosahatchee River at the Ortona 
Locks. 
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Figure 33. The East (upper) 
SFWMD 1980). 


Drainage by these and numerous 
other canals and ditches opens much 
of the marginal and seasonal wet- 
lands of the East Basin to intensive 
agriculture, and the crops grown on 
these predominantly sandy and highly 
permeable soils require rather in- 
tensive irrigation. A_ fine balance 
between drainage and irrigation must 
be maintained. The canals lower 
the shallow water table to allow 
cultivation and yet, during the wet 
season (summer), some of this water 
must be reused to irrigate’ the 
crops. In general, canals accelerate 
runoff and evaporation and decrease 
groundwater storage. 

Maintaining the drainage/irri- 
gation oalance is made easier by 
external sources of water that were 
not historically a part of the near- 
surface water balance. These new 


Caloosahatchee River basin 
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{adapted from 


are the Floridan 
the overflow of Lake 
Okeechobee. Because of the drainage 
operations, over half the predrain- 
age storage capacity of ine water-~ 
shed has been lost (Debellvue 1976). 
Historically, the shallow surface 
water table and the’ slough-like 
drainage were able to hoid consider- 
ably more water before agricultural 
development. During the dry season 
the watershed has an average 23 cm 
(9.2 inches) deficit that requires 
much of the wet season's 32 cm 
(12.4 inches) excess to be retained 
in order to sustain natural and 
cultivated vegetation. The loss of 
the natural storage capacity of the 
basin and increased consumption in 
the dry season sometimes makes it 
necessary to import water (e.g., 
backpumping) for recharge’ and 
irrigation. 


external sources 
aquifer and 











The Floridan aquifer in the 
East Basin is composed of limestone 
ranging in age from middle Miocene 
to Eocene. The Tampa Formation anc 
the Suwannee Limestone are the majar 
Strata that contribute to the waier 
holding capacity of the aquifer, 
along with some interbeded_ lime- 
stone of the lower Hawthorn. These 
strata are overlain by clay, marl, 
and sandy clay of the Hawthorn For- 
mation. Keplenishment of this arte- 
sian aquifer comes largely from the 
Higalands Ridge area te the north 
(Klein et al. 1964). 


Use of the Floridan aquifer 
for irrigation is limited because 
its excess of total dissolved solids 
is detrimental for most crops, 
although some crops (e.g., citrus) 
tolerate the high ionic content bet- 
ter than others. On the other hand, 
dilution from rainfall helps reduce 
mineral concentrations and makes the 
Fioridan aquifer more useful for 
irrigation in the East Basin. 


The shallow aquifer is general- 
ly of better quality than the Flor- 
idan aquifer because it is higher 
in calcium and = bicarbonates but 
lower in concentrations of sodium, 
magnesium, sulfate, and _ chloride. 
The shallow aquifer is contaminated 
where there is seepage from the 
Floridan aquifer through unplugged 
or improperly cased wells (near 
LaBelle) und where surface waters 
contact rock bearing connate sea 
water near Lake Okeechobee (Burns 
1983). 


The West Basin, including Tele- 
graph Swamp, encompasses an area of 
1,287 km2 (318,253 acres). Land 
use is largely agricultural, so the 
balance between adequate drainage 
and adequate recharae for irrigation 
is a primary concern of regional 
water management. In the West Basin 
the Caloosahatchee River water 


serves as a primary and secondary 





source of drinking water, which 
focuses greater public concern on 
the river water quality (SFWMD 
1980). 


The average annual upstream 
discharge to the West Basin through 
the Ortona Locks is 20.5 m3/s 
(724 cfs). Flow ranges from 0 to 
275 m3/s (9,720 cfs). A _ list of 
tributary watersheds that drain into 
the West Basin is given in Table 13 
and Figure 33. The monthly average 
flow in the West Basin at the inflow 
(Ortona Locks) and outflow (Franklin 
Locks) stations is given in Figure 
32. The control of flow in response 
to the cemands for water in the West 
Basin often leads to an _ irregular 
pattern of flow in tributary canals. 
The monthly average flow and stan- 
dara deviation for the Townsend 
Canal during the water years 1970 to 
1980 is shown in Table 14 and also 
illustrates the back-and-forth flow 
action in the canal. The river reg- 
isters a net negative average flow 
in 7 months of the year, indicating 
heavy consumption for irrigation and 
surface loss to groundwater and/or 
“vapotranspiration. 


Table 14. Monthly average downstream 
and upstream (-) flow for the Town- 
send Canal 1970-1980 (SFWMD 1980). 











Townsend Canal Sta. 02292780 
FLOW FLOW 
MONTH (CFS) (STD) 
1 AN 30 147 
FEB -23 76 
MAR ~47 152 
APR -151 114 
MAY -15 181 
j UN <=] 1&8 
JUL 121 122 
AUG 117 202 
SEP 153 260 
OCT -45 19, 
NOV -27 1.2 
DEC 14 155 

















Groundwater in the West Basin 


is supplied by the surficial aqui- 
fer, the Hawthorn aquifer, and the 
Floridan aquifer (Boggess et al. 
1981, Burns 1983). The surface 
aquifer is contained within terrace 
deposits (Pleistocene to Holocene 
origin) and the Tamiami Formation 


(Pleocene). Unconsolidated quartz 
sands, shell beds, calcareous clays, 
and interfingering limesiones char- 
acterize the terrace deposits. Sandy 


biogenic limestones that identify 
the Tamiami Formation are occasion- 
ally separated from the _ terrace 


deposits by a semi-confining calcar- 
eous clay bed. 


The surface aquifer ranges from 
25 ft to 125 ft, thickening to the 
west and southwest in Lee County. 
Rainfall, surface waters, and dis- 
charge from deep wells recharge this 
aquifer, and the top of the aquifer 
fluctuates about 1 m (3 ft) season- 
ally. Major areas of recharge are 
Telegraph Swamp, north of the Caloo- 
sahatchee River, and the region 
around the Immokalee Rise, south of 
Lehigh Acres. 


The Hawthorn aquifer consists 
of three semi-confining beds and two 
sub-aquifers, the Sandstone and the 
Mid-Hawthorn (Sproul et al. 1972, 
Boggess and Missimer 1975, Burns 
1983). The upper Hawthorn acts as 
the upper confining layer. The Sand- 
Stone aquifer, the upper water-bear- 
ing unit of the Hawthorn aquifer, is 
absent in Cape Coral and northwest 
Lee County and thickens to 200 ft 
to the east. Potentiometric peaks 
correspond to the surface aquifer 
recharge areas. The water quality 
is good except in northeast and 
southwest Lee County where chlorides 
exceed 250 mg/I. 


The mid-Hawthorn is more exten- 
sive than the Sandstone aquifer but 
rarely exceeds 75 ft in thickness. 
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Chloride content of the mid-Hawthorn 
is higher, exceeding 1000 mg/I along 
the west coast (Burns 1983). Recent 
intensive pumping from the aquifer 
has reduced its artesian pressure to 
below mean sea level in most of the 
West Basin. Average seasonal fluc- 
tuations range from 6.2 m (17 ft) in 
heavily pumped areas to about 1.0 m 
(3 ft) where pumping is_ minimal 
(Bogaess et al. 1981). 


Deepest of the three aquifers 
is the Floridan aquifer, and _ tire 
only zone of consequence to the West 
Basin's water supply is the lower 
Hawthorn/ Tampaproducing zone. This 
zone, located in the upper Floridan 
aquifer, ranges from 75 ft to 250 ft 
thick and provides water for agri- 
culture and for the Cape Coral, Pine 
Island and Sanibel reverse osmosis 
plants. Chlorides range from 250 
mg/! to 5,000 mg/! (Burns 1983). 


Water quality of the East and 








West Basin. Water quality in the 
Caloosahatcnee River is controlled 


largely by the low relief, semitrop- 
ical climate, discharge from Lake 
Okeechobee, and land use. Where 
shallow sands are underlain by clay 
or mar! hardpans, water may pond 
up because of the extremely low 
relief of the land, and form sloughs 


or seasonal wetlands that affect 
surface water quality and rate of 
runoff. Wet and dry seasons alter- 


nately dilute and concentrate sur- 
face water constituents. Agriculture 
and urbanization have caused ex- 
tensive channelization that changed 
the hydrologic cycle of the water- 


shed, as well as its surface water 
quality. 

Water quality data for the 
Caloosahatchee River is available 


from (1) USGS and Florida Depart- 
ment of Environmental Regulation 
(FDER) monitoring stations, (2) an 
extensive sampling and_= analysis 
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program that assessed the effect of 


runoff on the river and its tribu- 
taries {ESE 1977), and {(3) most 
recently, a series of studies aimed 


at developing a comprehensive water- 
management plan for the Caloosa- 
hatchee River watershed (SFWMD 1980, 
Miller et al. 1982). 


The upper Caloosahatchee River, 
from Moore Haven to the Lee-Hendry 
County line, is classified as Class 
lll waters by the FDER. This clas- 
sification requires that water qual- 
ity meet standards for recreational 
contact and the propagation of fish 
and wildlife. From the Lee County 
line to Franklin Lock, waters are 
classified I-A, suitable for potable 
or drinking water use. The City 
of Fort Myers pumps surface water 


from the Caloosahatchee River into 
a nearby shallow-well field to 
augment groundwater recharge. Lee 


County takes water directly from 
the river, treats it, and uses it 
for domestic supply purposes (Klein 
et al. 1964). 


Water quality in Ure Caloosa- 
hatchee River (Moore Haven to Frank- 
lin Lock) is dominated by Lake Okee- 
chobee discharges and _ tributary 
drainage from the surrounding agri- 


cultural lands (McPherson and La 
Rose 1982, Miller et al. 1982). 
Based on a 1978 to 1980 sampling 


program, inflow from Lake Okeechobee 
contributed 55% of the Caloosahatch- 


ee River water, 62% of the total 
nitrogen, and 64% of the chloride 
load (Miller et al. 1982). The East 


Basin contributed the least amount 
of water (21%) and the greatest 
amount of total phosphorus (43%). 


Total phosphorus at S-77 (Moore 
Haven) exhibits a seasonal pattern 
which is sensitive to flow releases 
from Lake Okeechobee. Concentrations 
are lowest in winter when the Moore 
Haven structure is discharging and 
are highest in the summer when there 
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is no discharge. Total phosphorus 
along the river increases between 
S-77 and S-78 (Ortona Lock) and 
decreases downstream toc S-79, the 
Franklin Lock and Dam (FDER 1980, 
Miller 1980). The change in concen- 
tration is related to the nutrient 
levels observed in the East and West 
Basin tributaries. The East Basin 
tributaries contain phosphorus con- 
centrations that are higher’ than 
observed in the upper river, whereas 
the West Basin tributary levels are 
lower than the river's totai phos- 
phorus levels. The difference be- 
tween basins is probably related to 
land-use practices that vary between 
the two areas. Although agricultural 
activities (improved pasture, crop- 


iand, and citrus) are similar in the 
East and West Basins (Isern and 
Brown 1980}, the intensity and 


drainage practices between the two 
basins are not. Nutrient polishing 
ponds and water reuse systems are 


used in the West Basin but not in 
the East Basin (ESE 1977, Miller 
et al. 1982). 


Total nitrogen gradually de- 
creases from Lake Okeechobee (S-77) 
to the Franklin Lock (S-79). The 
tributaries in both East and West 
Basins exhibit lower concentrations 


than those observed in the river 
except for the five easternmost 
tributaries that drain organic’ or 


muck soils high in nitrogen. Organic 
nitrogen, the dominant nitrogen 
form, represents 81% and 90% of the 
total nitrogen in the East and West 
Basins, respectively. An inverse 
relationship was found between the 
inorganic nitrogen species (ammonia 
and nitrate). Moving downstream from 
S-77 to S-79 ammonia decreased while 
nitrate increased. In the East Basin 
83% of the inorganic nitrogen is in 
the form of ammonia, and 77% of the 


West Basin's inorganic nitrogen is 
nitrate. No seasonal trend is ap- 
parent as illustrated in Table 15 
(Miller et al. 1982). 
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Table 15. Average constituent concentrations during the wet (sum- 
mer) and dry (winter) seasons (adapted from Miller 1989). 

















TOTAL PHOSPHORUS TOTAL NITROGEN CHLOR | DE 
mg P/t mg N/t me/ 

Wet Dry Wet Dry Wet Dry 
STATION {summer) (winter) (summer) (winter) (summer) (winter) 
$-77 0.109 0.057 2.37 2.15 82.4 90.3 
-79 0.119 0.078 1.78 1.77 64.6 77.0 
Tributaries: 
East Basin 0.161 0.109 -90 77.9 77.4 
West Basin 0.055 0.038 47 -41 66.8 73.2 
River: 
East Basin 0.112 0.064 .29 2.07 74.2 78.9 
West Basin 0.130 0.077 90 1.95 65.9 72.0 








Chloride follows a trend be- 
tween S-77 and S-~-79 that is the 
opposite of the pattern observed for 
phosphorus. Chloride decreases from 
S-77 to S-78 and then increases to 
S~-79. Tributary flow is partially 
responsible for this trend, particu- 
larly in the West Basin. However, 
the lower river increases did not 
compensate for the upstream dilu- 
tion, and chloride concentrations 
at S-79 were generally lower than at 
S-77. A seasonal trend showed slight 
decreases of chloride concentrations 
im the summer and high concentra- 
tions in the winter. High chloride 
concentrations are caused by salt- 
water intrusion, particularly near 
Franklin Lock, and by unplugged, 
abandoned, and poorly constructed 
wells that mix the poorer aquifer 
waters (high in dissolved ions) with 
surface or ground waters (Boggess 
1972, Burns 1983). 


Water temperature, pH, and 
specific conductance are generally 
well mixed along the vertical pro- 
file, and only water temperature 
showed a significant seasonal trend 
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that peaked in summer. Mean water 
temperatures in the West Basin trib- 
utaries are generally lower’ than 
in the East Basin, particularly in 
Jack's Branch and Cypress Creek, 
where littoral and streambank vege- 
tation shades much of the stream. 


Dissolved oxygen profiles are 
responsive to both flow and time of 
year. Both East and West Basins ex- 
hibit higher dissolved oxygen (DO) 
concentrations in winter than sum- 
mer. Generally, there is no vertical 
Stratification of DO in winter dur- 
ing either high or low flow condi- 
tions. A gradient forms in the sum- 
mer during low flow but is rapidly 
dissipated with an increase in flow. 


Chlorophyll a concentrations, 
which serve as a measure of phyto- 
plankton, are usually higher in 
the East Basin (McPherson and La 
Rose 1982). Seasonal minimum con- 
centrations of less than 10 mg/m3 
during autumn and winter correspond 
to seasonal low temperatures. In 
May and early June concentrations 
increase and seach a maximum mean 








level of 40 mg/m. Decreases of 
nitrate and flow, in addition to 
increases in water temperature, cor- 
relate with increases in chlorophy!! 
a (Milleson 1980, McPherson and La 
Rose 1982, Miller et al. 1982). 
When chlorophyll a concentrations 
reach a level that is’ visually 
obvious it denotes an algal bloom. 
This condition often results in a 
massive die-off of the plankton, 
and the subsequent decomposition 
depletes the water of oxygen and 
occasionally causes a fish kill. 
One such algal bloom was observed in 
the West Basin, adjacent to the Lee 
County Water Treatment Plant, in 
early June 1976 when concentrations 
reached 753 mg/m? (Milleson 1980). 
The blue-green algal species Ana- 
baena flosaqguae and Microcystis 








aeruginosa dominated the bloom. Sub- 
sequent blooms were reported in May, 
June and July 1977 and June 1980 
(Miller et al. 1982). In all cases 
the bloom was reduced by freshwater 
releases from Lake Okeechobee. The 





relationship between chlorophyll a 


and the rate of flow in the Caloosa- 
hatchee River in late spring of 1978 
is shown in Figure 34. Although 
higher chlorophyll a_ levels are 
reported annually in the East Basin, 
the reported algal blooms are locat- 
ed in the West Basin just upstream 
from the Franklin Lock. One possible 
reason for this is the presence of a 
nutrient-rich, low-volume source of 
water entering the Caloosahatchee 
River between Alva and S-79 (Miller 
et al. 1982). This supposition is 
based on dramatic increases of the 
river's total phosphorus, orthophos- 
phorus, ammonia, and nitrate in the 
4-mile reach from S-79 to Alva. The 
increase is most pronounced in the 
wet season and probably is caused by 
agricultural runoff from intensive 
flower nurseries and citrus groves 
close to the river. The influence 
of this runoff on the Caloosahatchee 
River is a decrease of chloride 
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Figure 34. Algal concentrations mea - 
sured as mg of chlorophyll a per 
m? in the upper and lower Caloosa- 
hatchee River in 1978 (adapted from 
SFWMD 1980). 


concentrations west of Alva. 


The agricultural pesticides 
Aldrin, Dieldrin, DDT, and chlordane 
exceeded Florida Water Quality Stan- 
dards in October 1979 at S-77 and 
S-78 (Miller et al. 1982). In April 
1981 only chlordane exceeded State 
standards. Of the heavy metals only 
total iron and zinc exceeded State 
standards, on occasion. 


Urban stormwater runoff from 
Fort Myers, LaBelle, and other popu- 
lation centers along the Caloosa- 
hatchee River contribute suspended 
and settleable solids, pathogenic 
microbes, nutrients, heavy metals, 
and pesticides (ESE 1977). Lead 








and mercury are among those metals 
detected at relatively high concen- 
trations. The effect that urban 
stormwater has upon the Caloosa- 
hatchee River is’ either poorly 
documented near the major urban 
center of Fort Myers or dwarfed by 
the inflow of agricultural runoff 
and Lake Okeechobee discharge. 


8.2.2 Tidal Caloosanhatchee River 





The portion of the Caloosa- 
hatchee River influenced by tides 
extends abcut 45 km (28 mi) down- 
stream from Franklin Lock to San 
Carlos Bay (Figure 35). The upstream 
portion is dominated by the Okeecho- 
bee waterway, a channe! maintained 
at a 2.43 m (8 ft) depth. Sporadic 


flow releases apparently have scour- 
ed the channel! to depths up to 6.7 m 
(22 ft). At Orange River, about 
11.3 km (7 mi) downstream from the 
locks, the winding Caioosahatchee 
River widens considerably. Dredged 
bottom sediments are deposited on 
either side of the channel from 
Beautiful isiamd downstream _ to 
the Highway 41 bridge, a distance 
of about 9.6 km (6 mi). These 
spoil deposits cre more extensive 
on the north side of the channel 
than on the south side. The width 
of the river’ in_ this section 
averages 2.0 km (1.25 mi). The 
cities of East Fort Myers and Fort 
Myers are on the south bank, and 
North Fort Myers is on the north 
bank. 
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Figure 35. The tidally influenced portion of the Caloosahatchee River. 
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Water depths toward the middle 


of the river exceed 1.82 m (6 ft) 
beginning near the Highway 41 
bridge. The Okeechobee waterway 


is shunted along the south side of 
the river near the Fort Myers Port 
faciiities. The depth of these 
waters once averaged between 9 and 
1.5 m (5 ft), but the average range 
now is 2.4 to 3.3 m (8 to 11 ft). 
The Caloosahatchee fixed bridge 
is located 0.8 km (0.5 mi) down- 
Stream from the Highway 41 bridge. 
On the north side of the river, 
some prominent spits of land jut 
out from the bank between the two 
bridges. 


About 4.8 km (3 mi) below the 
second bridge the river widens to a 
maximum of 3.05 km (1.75 mi), then 
narrows again at Fourmile Point. 
Most of this oscillation in geogra- 
phy is on the northern side of the 
river, creating a broad, shallow 
shelf, whereas on the south’ side 
the main channel reunites with the 
Okeechobee Waterway at depths from 


2.7 to 4.3 m (9 to 14 ft). The 
nearshore shelf of shallow’ water 
is much less extensive along the 


southern bank. The city of Fort 
Myers continues along the southern 
bank of this stretch and the eastern 
end of the Cape Coral subdivision 
lies on the north side. 


From Fourmile Point to Shell 
Point, a distance of about 18.5 km 
(11.5 mi), the Caloosahatchee River 
estuary oscillates in width between 
1.6 and 2.9 km (1.0 and 1.8 mi). 
The diversity of the depth contours 
increases in this stretch, particu- 
larly near Redfish Point. Islands 
of shallow water (< 1.82 m) located 
in deeper water suggests that some 
strong and complex currents flow 
toward the mouth of the estuary. A 
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third bridge traverses the estuary 
near the midpoint of this segment, 
connecting the relatively undevelop- 
ed south bank with the extensively 
canalized city of Cape Coral sub- 
division along the northern bank. 


Water movement in the Caloosa- 
hatchee River estuary has not been 
extensively studied. Two attempts 
to model water flow and quality 
in the estuary have produced only 


limited information on _— flushing 
characteristics and circulation 
patterns. The straight and narrow 


shape of the estuary and the well 
controlled inflow at its upstream 
boundary suggests ideal conditions 
for testing general textbook theo- 
ries of estuarine hydrodynamics. 
Longitudinal profiles of _ salinity 
and temperature tend to confirm that 
there is a_ distinct increase’ in 
salinity downstream in the estuary, 
which varies with the season and the 
rate of freshwater inflow (Figure 
36a to 36c). 


of salini- 
unable to 


In a detailed study 
ty, DeGrove (1980) was 
demonstrate a convincing agreement 
between observed and _ calculated 
isohalines along the length of the 
estuary from Fort Myers to Shell 
Point. Water masses frequently 
appear oriented in a direction oppo- 
Site to that predicted, suggesting 
that movement patterns are much more 
complex than the mode! was able to 
depict. Limited synoptic data on 
tidal relations and water quality 
along the length of the river also 
ruled out model development. During 
low flow the author estimated a 
retention time of about 25.3 days 
for particles traveling over the 
length of the estuary between Fort 
Myers central sewage plant discharge 
and San Carlos Bay. 
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Figure 36. Temporal variations in 
salinities and water temperature 
aiong the Caloosahatchee’ River 
(adaptea from Post, Buckley, Schuh 
and Jernigan, Inc. 1976). 


Because the estuary is so long 
(45 km or 28 mi), it is conceivable 
that different sections may be 
responding to different local condi- 
tions. At the upstream boundary, 


lock operations may complicate 
expected flow and tida! patterns. 
A change in the orient ition of the 
estuary's axis may infiuence tidal 
movement. Axis orientation relative 
to wind direction also causes dif- 
ferent hydraulic effects at differ- 
ent locations. The location of 
causeways, tributaries, extensive 
urban centers, and canals alse in- 


fluence the characteristics of local 
hydraulic conditions by changing 
water storage capacity, velocity, 
and runoff. 


Water quality in the Caloosa- 
hatchee River estuary has _ been 
studied by a number of agencies from 
1973 to 1981. Yet routine monitor- 
ing of background conditions at 
fixed locations is generally lack- 
ing. Data collected from synoptic 
Surveys for specific purposes, such 
as the allocation of domestic waste- 
loads, is the prevailing information 
source. 


Water quality data from three 
surveys from October 1975 to Feb- 
ruary 1976 were reported by Post, 
Buckley, Schuh and Jernigan, Inc. 
(1976). Their sampling included 
transects at eight locations along 
the axis of the estuary in addition 
to grab samples at selected stations 
between the transects. These samples 
were taken largely to help model 
the dissolved oxygen balance of the 
estuary. A summary of the data 
collected on these surveys is given 
in Figure 37. 


In all three surveys the data 
reveal a rise in dissolved oxygen 
concentration from 12.8 to 16 km 
(8 to 10 mi) downstream from the 
Franklin Locks and Dam. In October 
and December, in the upper reaches 
of this segment, concentrations of 
dissolved oxygen are generally less 
than 4.0 mg/I. A relatively intense 
mixing between salt and fresh waters 
was observed about 17 km (10.5 mi) 
downstream. Upstream from the mix- 
ing zone, tidal dampening of river 
flow increased residence time, 
which increased the probability of 
oxygen deficits in the water column. 
Because of salinity increases down- 
stream, the solubility of oxygen and 
dissolved (DO) oxygen decreased. 

















Figure 37. Temporal variations in 
water quality data along the Ca- 
loosahatchee River (adapted trom 
Post, Buckley, Schuh and Jernigan, 
Inc. 1976). 


The average water temperature 
in December was about 5°C less than 
in October, and salinity increased 
slightly. The flow in December 
dropped sharply, which increased the 
residence time of upstream watcrs. 
Higher salinities and resident times 
in upstream waters, and lower water 
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temperatures (and consequertly lower 
metabolic rates) apparently ‘owered 
DO near the locks. From the locks 
to a point 16 km (10 mi) downstream, 
the DO increased and seaward of this 
point the DO level remained stable. 


Continued low flows and low 
temperatures by February created a 
semi-steady-state condition in which 
oxygen concentra.ions hoverec near 
4.5 mg/!I at the locks and rose fair- 
ly rapidly to 7.0 mg/l downs;::cam. 
The prcionged suppression of meta~ 
bolism in cooler waters combined 
with increased settling of oxygen 
demanding materials (BOD, COD) 
during low flow is believed to be 
responsible. 


demand 
estuary 
to DO; 


Carbonaceous oxygen 
(CBOD 9) along the 
follows a pattern opposite 
the 17 km (10 mi) point appears 
to be an inflection point. This 
pattern is least obvious in October 
when levels of CBOD»9 are nearly 
uniform along the estuary axis. In 
December and February there is a 
distinct tendency for CBOD 9 to 
decline with distance seaward of 


this point. Nitrogenous oxygen 
demand (NBOD29) also shows a 
tendency to decrease with distance 
from the Franklin Lock, but this 
pattern is less obvious. NBOD>9 
levels are highest in October 


and December and uniformly low in 
February. 


The seaward changes of dissolved 
oxygen, CBOD 79, and NBOD» indi-~ 
cate a conspicuous convergence of 
physical and chemical conditions 
about 16 to 17 km (10 mi) downstream 
from Franklin Lock. This reach is 
where the upper Caloosahatchee River 
estuary widens. From 19 to 21 km 
(12 to 13 mi) the upper estuary is 
constricted by two bridges. The 
area between receives inflow from 
the Orange River and the city of 








Fort Myers waste discharge. These 
conditions tend to promote relative- 
ly high algal productivity (Figure 
38). During high nutrient inflow 
(wet season), moderate salinity, and 
high temperature, chlorophyl!! a in 
this area may reach bloom concentra- 
tions (250 mg/!). In winter and 
early spring when river flow and 
temperature are low, and salinities 
are high, chlorophyl! a concentra- 
tions tend to be lower (PBSJ 1976). 


An analysis of water quality in 
the tidal Caloosahatchee River indi- 
cates that there are five major 
sources of pollution (DeGrove 1981). 
These are the downstream flow from 
Franklin Lock, the Orange River in- 
flow, the Fort Myers sewage treat- 
ment plants (central & southern 
plats) he Cape Coral subdivision 
and sewage treatment plant, and the 
Waterway Esiates sewage treatment 
plant. Most of these areas or loca- 
tions are shown on Figures 31 and 
35. According to DeGrove (1981) all 
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Figure 38. Chlorophyll a concentra- 
tions in the Caloosahatchee River 


estuary (adapted from Post, Buckley, 
Schuh and Jernigan, Inc. 1976). 


but one of the sewage treatment 
plants are required to cease sur<- 
face-water discharge in the near 
future. The remaining plant, Fort 
Myers south, is required to treat 
and discharge effluents that will 
not cause total phosphorus concen- 
trations to exceed 0.165 mg/!I and 
total nitrogen to exceed 1.1 mg/!. 
Degrading influences from surround- 
ing urban and agricultural nonpoint 
sources may be somewhat curbed 
through implementation of the recent 
stormwater permitting requirements 
and voluntary “best management" 
practices. 


8.3 ESTERO BAY WATERSHED 


Relatively little is known 
about hydrology and water-quality 
dynamics in the Estero Bay water- 
shed. Information on tides, physi- 
cal/chemical characteristics, and 
nutrients in the northern bay were 
reported by Tabb et al. (1974). A 
report on water quality in the bay 
was made by Duane Hall and Asso- 
ciates (1974), and reports on salin- 
ity and temperature in the central 
and southern bay were provided by 
Jones (1980). Data on tides, cur- 
rents, and runoff were summarized by 
Estevez (1981). In addition, the 
Florida Department of Environmental 
Regulation (FDER) maintains a water 
quality monitoring station at San 
Carlos Pass, a major inlet to Estero 
Bay. 


Freshwater inflow inte the Es- 
tero Bay estuary generally peaks in 
September (Kenner and Brown 1956). 

lows measured in the Imperial River 

from 1940 to 1952 indicate that flow 
in the dry months (December to May) 
averages oniy about 7% of the total 
annual inflow. Virtually no publish- 
ed information on the quality of 
this or other freshwater inflow into 
Estero Bay is available. 











Tidally induced flows in Estero 
Bay are far greater (volume and 
velocity) than the freshwater inflow 
(Jones 1980). The generally mixed 
type tides average about 0.54 m 
{1.75 ft), or 0.9% times those of 
the open coast (Estevez et al. 
1981). At the three major passes 
between the bay and the Gulf of 
Mexico, flood tides can be as high 
as 1.07 m (3.5 ft). Velocities in 
the pass range from 0.64 m/s (ebb) 
to 1.52 m/s (flood). Tidal prisms 
(ft3) calculated at the three 
major iniets to Estero Bay are shown 
in Table 16. 


Freshwater inflow into Estero 
Bay is so low that even in its upper 
reaches salinities seldom fall below 
10 ppt in the wet season. In the 
dry season, tidal flushing and 
freshwater inflow from wungaged 
sources apparently is sufficient to 
prevent widespread hypersalinity. 
Water samples taken over a _ year's 
time at 20 stations in the northern 
and central bay revealed salinities 
as high as 34.0 ppt (Tabb et al. 
197%). 


Concentrations of inorganic ni- 
trate (NO3) and phosphate (P04) 
in the north and central bay are 
relatively low. Nitrate ranges from 
0 to 0.10 mg/! in the bay and 
phosphate ranges from 0.02 to 0.26 
mg/l (Tabb et al. 1974). Concen- 
trations of both tend to decrease 
toward the Gulf. 


Table 16. Tidal prisms in Estero 


Bay on February 8, 1976 (adapted 
from Esteve: 1981). 











INLET FLOOD (ee 
Big Hickory Pass 1.20 « 10° 
New Pass 2.71 « 108 2.02 « 108 
Big Cartes Pass 8.19 « 108 $.7%3 « 108 
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8.8 GOLDEN GATE CANAL 
WATERSHED 


The drainage areas of the 
Golden Gate Canal, Gordon River, 
Cocohatchee River Canal, Henderson 
Creek Canal, end the Fahka Union 
Canal are depicted in Figure 39. 
The Fahka Union Canal is the largest 
of the artificial drainage systems, 
averaging about 3 m (100 ft) in 
width and just less than 2.4 m 
(8 ft) in depth over a distance of 
about 38 km (30 mi). The Golden 
Gate Canal is similar in width and 
depth but is slightly shorter, 41.6 
km (26 mi). The Henderson Creek 
and Cocohatchee River Canals are 
smaller, averaging 7.6m (25 ft) 
in width, less than 1.5 m (5 ft) 
in depth, and 11.2 and 20.8 km (7 
and 13 mi) in length, respectively 
(McCoy 1972). 
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Figure 39. Canals in western Collier 
County (adapted from McCoy 1972). 
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Downstream freshwater flow 
through this extensive maze of ca- 
nals is partially controlled by a 
set of 30 weirs ranging in elevation 
from 5.16 to 0.6m (17 to 2 ft) 
above mean sea level (msi). These 
weirs are designed to prevent exces- 
sive drainage during the dry season. 
All canals except the Cocohatchee 
and Henderson Creek are conirolled 
by at least one weir. 


During the dry season, the 
Cocohatchee River Canal drains the 
area southwest of Lake Trafford. 
During the extremely dry years, 
e.g-. 1971 and 1974, no flow is 
reported (USGS 1980). Outflow from 
the canal has averaged 0.82 m/s 
(29.1 cfs). 


During very wet periods, the 
Cocohatchee River Canal functions as 
an overfiow valve for excess drain- 
age from the Golden Gate area to the 
south. Maximum discharge from the 
Cocohatchee River Canal is 15.3 
m3/s (582 cfs), in August, 1973. 
The average peak velocity is 0.4 m/s 
(4.3 ft/s) as compared to an average 
velocity of 0.02 m/s (0.23 ft/s). 


The Golden Gate area and the 
Cocohatchee River Canal basin ap- 
parently draw from the same water 
table. The construction of weirs 
W-4 and W-8 in the Golden Gate Canal 
in 1968 correlates with an unexpect- 
ed rise in the water table at the 
Cocohatchee Canal outlet. The water 
table at the Cocohatchee River Canal 
well rose higher in the 1965 rainy 
season than in the two previous 
rainy seasons, even though rainfall! 
in 1965 was below average (McCoy 
1972). At the same time, iniand 
construction of Golden Gate Estates 
canals diverted upstream drainage 
away from the Cocohatchee River Ca- 
nal, effectively reducing peak water 
levels and flows downstream. The 
net effect of these hydraulic shifts 
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is that the Cocohatchee River Canal 
becomes both a supplier of water to 
the Golden Gate area during low flow 
and a “ischarge valve for Golden 
Gate Este.es during high flows. 


The Golden Gate canal was con- 
structed in the early 1960's in an 
attempt to reduce the hydroperiod of 
@ vast tract of land known as Golden 
Gate Estates. Simultaneously, the 
tract was platted and rezoned for 
residential development; roads and 
auxiliary canals were constructec), 
and the land was offered for sale. 
In conjunction with concerns over 
the environmental effects of such 
massive drainage, Collier County 
officials in about 1970 initiated 
actions to revise the earlier dGevel- 
opment plan. In addition to the 
alteration of natural habitats, 
there were other shortcomings in the 
plan. A typical graph of water 
levels in a well 1.12 km (0.7 mi) 
from the Golden Gate Canal is shown 
in Figure 40. This graph clearly 
demonstrates that the Golden Gate 
Canal drained these former wetlands 
and lowered the water table. 


To the southeast of the Golden 
Gate Canal, a secord grid-like se- 
ries of canals was also constructed 
in the early 1960's as part of the 
same residential development. These 
canals, which culminate in the Fahka 
Union Canal, discharge into the Ten 
Thousand Islands area. The canals 
were designed to drain the Remuda 
Ranch Grants, a large section of 
former wetlands south of State Road 
838 (Alligator Alley). 


Between these two larger net- 
works of canals, a third drainage 
way, the Henderson Creek Canal, 
flows south/southwest = from the 
Golden Gate Estates to the Gulf of 
Mexico. Like the Cocohatchee River 
Canal, Henderson Creek Canal serves 
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Figure 80. Water levels near the Golden Gate Canal (adapted from Klein 


as an overfiow vaive for Golden Gate 
Estates during peak wet periods. 


During the dry season (November 
to May) most or *! of the flow in 
the upstream end of the Golden Gate 
Canal system may recharge the shal- 
low ground-water aquifer. Surface 
discharge during the dry season 
ranges from 0.28 to 1.27 m/s 
{10 to 85 cfs). Further downstream 
dry season flows range from 0.28 to 
3.4 mi/sec (10 to 120 cfs). At 
Naples reports of no flow were com- 
mon in 1975, but on the average, 
flows of 1.70 to 8.5 m3/s (60 to 
300 cfs) are released to the Gordon 
River/Naples Bay estuary during the 
dry season. ODry-season flows in 
the Henderson Creek Canal range from 
0 to 0.71 m3/s (0 to 25 cfs) and 
in the Fahka Union Canal, the range 
is from 1.27 to 3.54 m/s (85 to 
125 cfs). The ranges and extremes 
of wet-season flow in these three 
canals are given in Table 17. 


The seasonal characteristics 
and magnitude of water discharges 
from these canals have profound 
effects on regional! hydrology and 
ecology. Tabb et al. (1976) esti- 
mate, through a simplified mass bal- 
ance technique, that during average 


rainfall years there is ‘tthe if 


any surplus runoff fron, “~ater- 
shed canals. Based on the “at*on 
capacity of the soils and # ily 
rainfall, hydroperiod is +r ed 
at between % and 6 months. ese 
figures agree well with ot ions 
of long-term residents. + hese 


canals, since their construction, 
have effectively drained off surface 
waters, shortened the hydroperiod by 
about 4 to 6 months, and lowered 
groundwater recharge. 


A number of topographic clues 
suggest that the area underlying the 
Golden Gate and Henderson Creek 
Canal drainage basins is relatively 
impermeable to recharge. Tabb et al. 
(1976) call this area the “Golden 
Gate Highlands” (Figure 41) and rea- 
son that its impermeability s% due 
to an underlying caprock of the Fort 
Thompson Formation. These authors 
speculate that recharge of this area 
is more likely due to lateral inflow 
through cavernous subterranean lime- 
stone channels which undergo solu- 
tion by acidic fresh waters, rather 
than through direct downward seep- 
age. The presence of actively form- 
ing karst topography is strongly 
suggested by Deep Lake (30 m or 97 
ft im depth) on the east of the 





Table 17. 





Wet-season flow ranges and extremes for Golden Gate 


Canali, Henderson Creek, and Fahka Union Canal. 





Wet season 





Flow Range 
m/sec (CFS) 


Extreme 
m/sec (CFS) 





Goiden Gate Cana! 























Figure 41. The Golden Gate High- 
lands area (adapted from Tabb et al. 
1976). 


Upstream 0.6 - 2.8 (22-100) 5.1 (181) 
Mid reach 1.1 - 10.5 (40-370) 20.2 (714) 
Downs tream 3.0 - 18.7 (105-660) 98.1 (3,460) 
Henderson Creek %.4 - 0.8 (16-30) 10.0 (353) 
Fahka Union 
Upstream 0.4 - 1.1 (15-42) 4.5 (160) 
Mid reach 1.4 - 7.4 (50-260) 10.3 (362) 
Downstream 2.8 - 17.0 (100-600) 90.7 (3,200) 
Highlands and a well-defined line of 
cypress strands running along their 
western margin. These strands are 
} af ol underlain by deep sands in eroded 
t — + solution channels that are believed 
¥ £ Y 0 Garewionianas” ~~*", | to have connections with deeper 
\ /* a Rai channel systems. 
ee 
W/W 14g - | The area along the eastern 
ot 1. L perimeter of the "Highlands" acts as 
Vee yd, i a kind of leaky roof for recharging 
Lig 4517 YY 1 the underlying aquifer to the west. 
7 py i: 3 The Golden Gate Highlancs is less 
' mmneeee: /// Gin. 0 TT permeable to seepage flow because of 
= a - oP Y Y i | | a shallow Fort Thompson caprock that 
fos = “WW | |; : ' overlies deeper Tamiami caprock of 
4 ‘oR: poh dense clays. Removing upstream sur- 
Ye “A $4is it face waters via canals may therefore 
a a ee ee amplify the loss of recharge to 
SN Sy. ae -4 the down-gradient aqui‘er by short- 
Kegs a circuiting the leaky roof connec- 
Gulf on in ee ie tion. Tabb et al. (1976) estimated 
of Wey asf a that the construction of the 293 km 
Mexico ae ha) : ‘tg - (183 mi) of Golden Gate’ Estates 
ipa |, YS OMe ip ij canals accelerated the rate of 
eS SSR Re ae i. drainage of stored water to about 


16 times normal. 


To the south, the Highlands 


is drained by what is known as the 





Gulf American Corporation (GAC) 
canal metwork into Fahka Union Canal 
and Fahka Union Bay. The area 
drained by the GAC canal network is 
also known as the Remuda Ranch 
Grants. The borrow canal of State 
Road 84 (Alligator Alley) cuts 
across this canal system and con- 
nects with the Golden Gate Estates 
canals and Henderson Creek Canal. 
Further south the Tamiami Canal also 
crosses the Fahka Union. Ground- 
water levels here have been lowered 
approximately 61 to 122 cm (2 to 
4 ft) by the more extensive region- 
al drainage canals (Klein et al. 
1970). 


To the north and west of the 
GAC canal network are five major 
strand systems, the Deep Lake 
Strand, Okaloacoochee Slough, Fahka- 
hatchee Strand, Roberts Lake Strand, 
and Gum Slough (Figure31). Although 
not directly within the Golden Gate 
Estates canals, the Camp _ Keasis 
strand is close enough to the re- 
gional drainage system to be affect- 
ed by it. 


Okaloacoochee Slough begins 
near the Hendry-Collier Couniy line 
and runs southwest to near Alligator 
Alley. Here there appears to be a 
short discontinuity between the 
slough and Fahkahatchee Strand to 
the south, although both Carter et 
al. (1973) and Tabb et al. (1976) 
believe there is a hydrologic con- 
nection between them. The Okaloa- 
coochee Slough is crossed in _ the 
north-south direction by the Barron 
River Canal and the Fahkahatchee 
Strand is crossed by the east-west 
borrow canal of Alligator Alley. 


The hydrology of the Fahka- 
hatchee strand was monitored by 
Carter et al. (1973) from 1970 to 
1972. These authors reported the 
curious phenomenon of 


relativeiy 





high flows emanating from the strand 
during 2 years of below normal rain- 
fall, followed by a low discharge 
during a year of hign rainfall. Even 
more curious was that ground-water 
levels during the high rainfall/low 
runoff year decreased rather than 
increased, indicating seepage _ to 
deep storage. The easternmost GAC 
canal intercepted water from. the 
Fahkahatchee strand and effective- 
ly lowered ground-water levels as 
designed. 


Fresh ground water for domes- 
tic, agricultural, and_ industrial 
purposes in the Golden’ Gate's 
Estates canals came from a shallow 
unconfined or semi-confined aquifer 
(Jakob 1983). The permeable lime- 
stones and sands of the Pleistocene 
ana the upper permeable limestones 
of the Miocene-Pliocene Tamiami 
Formation are the major components 
of the shaliow aquifer. The maxi- 
mum depth of the aquifer is 39.6 m 
(130 ft) near the city of Naples. 
+ tends to thin toward the north- 

st, east, anc southeast (McCoy 
(962, 1972; Jakob 1983). 


Water-quality data in the 
Golden Gate Estates canal drainage 
area was reported by Little et al. 
(1970), McPherson (1970), Carter et 
al. (1973), Tabb et al. (1976), and 
ESE (1978a). The most prominent in- 
fluence on natural background water 
quality is rainfall. During the wet 
season, abundant rainfall dilutes 
most chemical substances, whereas 
diminishing rainfall in the dry sea- 
son concentrates the sediments and 
chernicals in solution. Superimposed 
on this cycle are the effects of 
drainage canals that tend to alter 
the magnitude and timing of natural 
flow. Localized variations due _ to 
land use, uneven rainfall distribu- 
tion, and inherent physiographic 
differences also are evident. 











Some water-quality character- 
istics, such as conductivity and 
chicride concentration, generally 
follow the wet/dry season’ cycle 
described by Carter et al. (1973). 
Conductivity, which reflects the 
ionic content of the water, = in- 
creases in the dry season as inor- 
ganic consiituents become more 
concentrated. Near the coast the 
effect is amplified by the inland 
migration of salt water. If uncon- 
trolled, canals tend to amplify this 
inland migration by providing more 


rapid access to cuastal aquifers. 
The use of weirs and earthen dams 
reduces this problem. Wimberly 


(1973, 1974) reported short-term in- 
creases in conductivity and chloride 
concentration near _ oil-exploration 
sites, but no detectable effects at 
oil-producing sites. 


Other water-quality character- 
istics, such as alkalinity, may also 
decrease during the wet season but 
are strongly influenced by _local- 
ized drainage (Little et al. 1970). 
Canals may release more buffered 
ground water into the surface water 
drainage system than do uncanalized 
sloughs. The water at all canal 
Stations is higher’ in alkalinity, 
on the average, than at slough sta- 
tions (Carter et a!. 1973). Little 
et al. (1970) also reported higher 
levels and greater’ variation’ in 
alkalinity, hardness, and sulfate at 
canal siations. Increased ground- 
water influence is again believed 
responsible. 


Although pH fails to show any 
distinct variation during the gen- 


eral wet/dry season cycle, water 
color does. Drainage of organic 
tannin and = tlignin-like substances 


from swamps during the wet season is 
believed to be responsible for this 


increase. Apparently the buffering 
Capacity of surface waters is suf- 
ficient to mask seasonal variations 


in pH. 
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Relatively little information 
exists on dissolved gases, nutri- 
ents, and organic matter from the 
Golden Gate Estates canals. Tabb 
et al. (1976) report oxygen concen- 
trations of 4.2 to 5.4 mg/l during 
October 1976 and 3.3 to 7.0 mg/I in 
January 1976. Depth of the canal is 
a major factor influencing oxygen 
concentrations. Deep canals are fed 
more by low-oxygen ground-water than 
Shallow canals. Nitrate concentra- 
tions ranged between 0.45 and 1.00 
mg/l in October and from 0.60 to 
0.75 mg/!I in January. Total phos- 
phate ranged from 0.04 to 0.21 mg/I 
in October and 0.17 to 0.38 mg/i in 
January. Once again, higher and more 
variable nitrogen and phosphorus 
levels are reported from canal sta- 
tions than from slough and _ strand 
stations (Littie et al. 1970). 


Diurnal oxygen and temperature 
curves from four locations in_ the 
Corkscrew Swamp are presented in 
Figure 42. The cypress locations 
and the "pond with floating vegeta- 


tion cover" display characteristi- 
cally little variation because of 
shading. The relatively more open 


Sawgrass marsh has a more distinct 
diurnal cycle, although DO levels 
are clearly below saturation. Diur- 
nal variations of DO are_ greatest 
in open, mixed-marsh environments 
where daily ranges of 7.0 to 7.5 
mg/i have been recorded (Duever 
et al. 1975). 


To the south, in the GAC canal 
network, Fahka Union Canal, and 
Fahk ahatchee Strand, highest oxygen 
concentrations have been reported 
in March to June at most stations 
(Carter et al. 1973), with the 
lowest concentrations in September 
to October. Fahka Union Canal 
Station samples were consistently 
higher in dissolved oxygen. than 
water samples from strand _ stations. 
The authors attribute this phenome- 
non to higher flow rates and the 
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Figure 42. Diurnal dissolved oxygen 
and temperatures for Corkscrew 
Swamp, September 1975 (adapted from 


Duever et al. 1975). 


abundance of aquatic vegetation in 
the canals compared to the slower 
moving, more shaded waters of the 
strand. 


Water temperatures in shaded 
strands and sloughs average about 
1.1°C (2°F) below those in moe open 
canal waters (Little et al. 1970). 
This condition could help bring 
about lower oxygen concentrations in 
canals. Where dense mats of floating 
aquatic vegetation thrive in shallow 
canals (e.g., Tamiami Canal), oxygen 
concentrations, and diurnal varia- 
tion may be similar to that in 
strarias and sloughs. 


show _ that the 
annual transport of total Kjeldahl 
nitrogen (TKN), total phosphorus 
(TP), and total organic carbon (TOC) 
from the Fahka Union and Barron 


Comparisons 
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River Canals is much higher than 
from the” relatively undisturbed 
Fahkahatchee Strand (Carter et al. 
1973). Canals cause a shift in the 
timing and relative magnitude of 
the delivery of nutrients to the 
estuary and an accelerated loss of 
water, nutrients, end organic matter 
from the uplands. 


Most authors who have studied 
the water quality of the Golden Gate 
Estates cafial waters agree that me- 
tal and pesticide pollution was not 
a problem, nor were mercury, copper, 
chromium, arsenic, and nickel de- 
tected in the water column in the 
GAC canals or the Barron River Canal 
(Carter et al. 1973). Zinc and lead 
were only rarely detected. Iron con- 
centrations ranged from 100 to 1,150 
mg/l, but this is not considered 
unusual. Wet-season copper concen- 
trations in the GAC canals ranged 
from 0.20 to 0.30 mg/! (Tabb et al. 
1976). 


al. (1970), Carter 
et al. (1973), and Duever et al. 
(1978) attribute occasional higher 
than normal levels of aluminum, 
copper, lead, and zin= to locally 
intense vehicle use, urban construc- 
tion, and agriculture. 


Little et 


within the 
from north 


The six estuaries 
Golden Gate Estates area 
to south are as follows: 

(1) Wiggins Bay at the down- 

stream end of the Cocohatch- 
ee River; Wild Turkey Bay 
and Naples Park lie to the 
south of Wiggins Pass. 
Naples Bay surrounded by the 
city of Naples; Dollar Bay 
to the south of Gordon Pass 
is considered a part of the 
same system. 
Rookery Bay, a_ National 
Audubon Society Wildlife 
Sanctuary lying downstream 
of Henderson Creek directly 
behind Marco Island. 


(2) 


(3) 








(4) The Marco Island~ estuary 
within and surrounding Marco 
Island and Cape Romano. 
(5) Fahka Union Bay downstream 
of the Fahka Union Canal. 
(6) Fahkahatchee Bay downstream 
of Fahk ahatchee Strand. 
Gullivan Bay refers to the 
embayment behind Cape Romano 
and seaward of the Ten Thou- 
sand Island area of Fahka 
Union and Fahkahatchee Bavs. 
Very little information is available 
on the hydrology and water quality 
of Wiggins Bay and Gullivan Bay: 
consequently our discussion is 
brief. 


The monthly average water flows 
in the Cocohatchee River Canal, 
which drains into Wiggins Bay, are 
given in Figure 43. Flows from 
November to June average less than 
0.56 m3/s (20 cfs). Beginning in 
July average flows increase, reach- 
ing a peak in September (mean = 3.05 
m?/s or 109 cfs). The convoluted 
topography of the natural drainage- 
ways and the construction of finger 
canals slow the flushing of bay 
water through Wiggins Pass. 


The existing physical/chemical 
quality data on the Wiggins Bay sys- 
tem were summarized by ESE (1978a). 
Salinities in April and June are 
close to those of the Gulf (27.2 to 
33.9 ppt). During September, at the 
peak of the wet season, _ salinity 
ranges between 17.9 and 21.9 ppt. 
Average monthly water temperatures 
are 23.1°C in April, 30.1°C in June, 
and 29.5°C in September. 


The Naples Bay estuarine system 
receives freshwater input from the 
Golden Gate Canal, the Gordon River, 
Haldeman Creek, and Rock Creek. Of 
these four, only the Golden Gate 
Canal ‘s equipped with a flow gaug- 
ing device. Monthly average flows 
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Figure 43. Average monthly flow 
(cfs) in the Cocohatchee River Canal 
(adapted from ESE 1978a). 


emanating from the Golden Gate Canal 
are shown in Figure 44. Toward the 
south, Naples Bay connects to the 
Gulf through Doctor's Pass and to 


Rookery Bay via_ the _ Intracoastal 
Waterway. 
According to van de Kreeke 


(1979) salinities upstream from the 
U.S. Highway 41 bridge approach zero 
during high flow (August to Septem- 
ber). The middle section of Naples 
Bay may average as low as 20 ppt. 
Restricted water exchange between 
the mid and upper bay causes salini- 
ties to decrease rapidly above the 
bridge. Salinity stratification 
tends to increase toward the south- 
ern end of Naples Bay. The frequent 
variations in freshwater inflow and 
the short distances within the bay 
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Figure 44. Average monthly flow 


(cis) in the Golden Gate Canal. 


relative to tidal excursion general- 
ly preclude stable flow and circula- 
tion patterns. Tidal excursions of 
4,000 to 6,000 m (4,376 to 6,564 yd) 
are estimated for the open portion 
of Naples Bay. 


One of the more_ prominent 
factors influencing Naples Bay 
hydrology and water quaiity is the 
extensive network of finger canals 
carved out of the once mangrove- 


lined tidal creeks that border the 
bay system. The extensive dredge- 
and-fill activity, along with shore- 


line development, has created a very 
irregular bathymetry in and around 
the periphery of the bay. 

Eight types of canal develop- 
are based on canal width, 
depth, proximity to one 
and type of shoreline sta- 
according to 

All canal 


ment 
length, 
another, 
bilization (Figure 45), 
van de Kreeke (1979). 
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developments except Port Royal (A) 
and Aqualane Shores | (C) exhibit 
numerous finger canals branching 
off from the main canals. Many of 
the finger canals are deeper at 
their heads than at their mouths, 
effectively trapping  high-salinity 
waters. 


In attempting to model the 
hydrodynamics of Naples Bay, van de 
Kreeke (1979) found that observed 
tide ranges and currents fit reason- 
ably weil with predicted values. A 
consistent error in predicting time 
lags during flood-tide cycles was 
believed to result from underesti- 
mating the amount of water storage 
capacity in the natural mangrove 
areas and smal! canal systems. 


Current velocities and circula- 


tion patterns within the canal sys- 
tems are extremely complex. Canal 
velocities often are Jarger_ than 
predicted (Monopolis 1978). Winds 
are discounted as an_ important 
factor. Rather, current reversals 
within the vertical velocity profile 
and the existence of lateral cross- 
canal currents suggests that. the 


main driving force is oscillating- 
density currents induced by salinity 
fluctuations in the mair. bay. These 
oscillating salinities along the 
axis of Naples Pay are considered 
essential to flush the peripheral 
canal systems (van de Kreeke 1979). 
In addition, flushing of canais_ is 
highly dependent upon their length 
and bathymetry. Shorter cairals 
exhibit an exponential flushing 
curve whereas longer canals show a 
level curve for a time, tnen = an 
exponential curve as the dye mass 
reaches a critical excursion length. 
Typical canal flushing curves are 
shown in Figure 46. 


Water quality in the Naples Bay 
estuary is reported by Hicks (1979) 
from December 1976 through November 
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Figure 45. Types of canal 
‘rom van de Kreeke 1979). 


1977. Water sampling and analysis 
wes designed to focus on metabolism 
in the bay as opposed to levels of 
toxins such as pesticides or heavy 


metais. Seasonal and diel trends in 
selected physical/chemical constitu- 
enis in both water and sediments 


were analyzed from samples taken 
throughout the bay system. 


Salinity and water temperatures 
in Naples Bay generally exhibit a 
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CANAL TYPES 
With respect to construction and geometry 
the canals connected to Naples Bay are 
divided into different groups: 
A. Port Royai 
typical length 1800 m; typical width 70 m 
depths vary between 2 m and 6 m 
shoreline protected by rip-rap 
no finger canals 
B. Aqualane Shores I! 
typical! length 700 m, 
typical depth 1.5 m 
shoreline protection: mixture of 
vertical sea walls and rip-rap 
finger canals 
C. Aqualane Shores I] 
typical length 700 m; 
typical depth 1.5m 
shoreline protection: mostly wooden 
and concrete vertical sea walls, some 
areas unprotected 
no finger canals 
D. Rock Creek 
typical length 500 m; 
typical depth 0.6 m 
shoreline protection: 
walls 
finger canals 
Boat Haven/Golden Shore/Oyster Bay 
typical length 400 m; typical width 20 m 
typical depth 0.4 m 
shoreline protection: 
wall, rip-rap, natural 
finger canals 
F. Oyster Bay 
typical length 500 m; typical width 
typical depth 0.7 m 
shoreline protection: 
concrete sea walis 
finger canals 
G. Royal Harbor 


typical width 50 m 


typical width 20 m 


typical width 


vertical Sea 


vertical sea 


vertical 





‘ a typical length 750 m, typical width 20 m 
; J , s » ae 
aE ENS typical depth 1.2 m 
shoreline protection: vertical 
concrete sea walls 
finger canals 
H. Haldeman Creek 
typical length 250 m; typical width 20 m 
typical depth 0.4 m 
Shoreline protection: vertical sea 
walls, rip-rap, natural 
finger canal< 


..a@pment in the Naples Bay area (adapted 


typical response to freshwater in- 
flows and air temperature. For 
salinity, vertical stratification is 


often evident even during the wet 


summer season. This stratification 
is amplified by freshwater  infiow 
and restricted circulation; con- 
sequently, the head ends of slow- 
flushing canals frequently exhibit 
a high degree of salinity stratifi- 
cation, particularly during the 


summer, when freshwater from urban/ 
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Figure 46. Typical canal flushing curves in and around Naples Bay (adapted 
from van de Kreeke 1979). 


residential runoff tends to "float" trations of oxygen occur at the 
on the more dense, higher salinity relatively well-flushed lower’ bay 
canal waters. Restricted circulation Stations. 
combined with the density differen- 
tial also tends to inhibit gas ex- During the year of study (1976 
change, thereby leading to dissolved to 1977), the seasonal cycles of 
oxygen stratification. The rate of inorganic nitrogen and phosphorus 
oxygen consumption in the lower abundance appeared to be reciprocal 
water mass often exceeds the rate of to one another in the Gordon River- 
oxygen supply, leading to increas- Naples Bay system. Inorganic nitro- 
ingly anoxic conditions toward the gen, particularly NO j-NO3,  cor- 
bottom. Hicks (1979) associates relates fairly well in waters with 
substandard (< 4.0 mg/l) oxygen locaiized urban runoff. Ground-water 
concentrations with canal depths inflow during winter months (when 
greater than 1.45 m (4 ft). north winds tend to drain the bay) 
is also cited as a possible cause of 
A summary cf salinity, tempera- reduced nitrogen (NH3) input to 
ture, and dissolved oxygen in August the bay, where the more oxidizing 
1977 at selected locations in Naples environment favors conversion’ to 
Bay show that salinity and dissolved NO 2-NO3. Organic nitrogen, on 
oxygen are most variable at the the other hand, appears to peak 
canal stations (Table 18). The most in response to upland runoff during 
moderate and highest average concen- the wet season. Phosphorus tends 
75 





Table 18. Salinity, temperature, 





and 


August 1977 (adapted from Hicks 1979). 


dissolved oxygen in Naples Bay, 














DO _(mg/1!)_ % Sat. Salinity (%) Temperature (°C) 
Gordon River 4.3 52 0.4 27.6 
Mid Bay 4.2 57 13.1 27.6 

(1.9 — 7.6) (4.7 = 32.9) 
Lower Bay 4.9 73 28.0 29.2 

(2.3 > 6.4) (8.1 ad 35.2) 
Canals 3.8 56 18.5 29.5 
Numbers in parenthesis represent ranges in parameters. 








to peak in the dry season in some 
areas, probably in response to point 
source inputs. 


Nitrogen and phosphorus both 
terid to reach highest concentrations 
at the head end of the Gordon River. 


Concentrations typically decrease 
longitudinally toward the gulf. The 
longitudinal decline in nitrogen 


is probably due to dilution by gulf 


waters, whereas the phosphorus 
decline is probably due to a combi- 
nation of dilution and _ settling 


(Hicks 1979). Sediment concentra- 
tions of phosphorus tend to increase 
after the wet season, suggesting 
flocculation and settling of phos- 
phorus imports. 


Consistent with the hydraulic 
assessment of van de Kreeke (1972a), 
Hicks (1979) reports a close corre- 
lation between certain chemicals in 
the main axis of the estuary and 
nearby canals. The canals often act 
as carbon traps, importing organic 
matter from the river estuary but 
not returning it in equal quantity. 
Chemical concentrations in short 
canals tend to be more closely cor- 
related with river concentrations 
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than do in 


canals. 


concenirations long 


A distinct vertical stratifica- 
tion of total organic carbon (TOC) 
is reported by Hicks (1979) in 
Naples Bay canals. Concentrations 
are relatively high near the sur- 
face, lower at mid-depth, and high 
again on the bottom. This layering 
is believed to be caused by salinity 
stratification and deprives Naples 
Bay of a usefu! detrital fooc source 
by prematurely shunting surface 
waters to the gulf (Hicks 1979). 


Chlorophyll a, like nitrogen 
and phosphorus, generally exhibits 
a longitudinal! decrease in concen- 


tration from ‘.e head end of the 
estuary to the gulf. Peak seasonal 
concentrations of chlorophyll a cor- 
respond with peak salinity and low 
flow. Mean annual concentrations at 
canal stations range from 9.5 to 
31.0 mg/m3 with a maximum of 87.2 
mg/m3, and at river stations range 
from 9.7 to 28.9 mg/m3 with a max- 
imum of 111.2 mg/m’, The frequency 
of algal blooms in the river and bay 
decline with the onset of wet-season 








runoff. Blooms in canals tend to ex- 
tend into the wet season because of 
restricted mixing with bay waters. 


The Rookery Bay estuary (Figure 
47) receives freshwater inflow from 
Henderson Creek to the west and 
Stopper Creek to the northwest. 
Monthly average flows in Henderson 
Creek are presented in Figure 48. 
Johnson Bay to the south of Rookery 
Bay also is consiuered a part of the 
estuary although it is not part of 
the Audubon Sanctuary. On the 
seaward side, Rookery and Johnson 
Bays are bordered by mangrove- 
covered islands and long channels 
that extend to Little Marco Pass and 


Hurricane Pass on either side of 
Little Marco Island. Keewaydin 
Island is a barrier’ isiand lying 


seaward of Little Marco Island. 


The relatively smali size of 
the watershed upstream from Rookery 
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Figure 47. The Rookery Bay estuarine 
system (adapted from Lee and Yokel 
1973). 
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Figure 48. Average monthly flow 
(cfs) in Henderson Creek, from 1970 
to 1980. 


and Johnsu': Bays is reflected by the 
low flow in Henderson Creek. Any 
substantial freshwater dilution in 
bay waters is a short-lived phenome- 
non. The salinity in Rookery Bay 
and lower Henderson Creek sharply 
decrease during local rainfall and 
runoff (Lee and Yokel 1973). 


The water residence time ranges 
from 1 to 6 days in Henderson Creek 
and 1 to 10 days in Rookery Bay. 
The shallow, winding creeks along 
the periphery of the bay system are 
generally slow flushing. These and 
other physicai constraints, such as 
oyster bars, reduce tidal exchange 
of waters. Under drought conditions 
hypersalinity (> 35 ppt) is likely 
in the upper waters of the bay (Lee 
and Yokel 1973). 


Rookery Bay lies at a physio- 
graphic “inflection point" along the 
southwest coast. To the north, high 
energy beaches dominate the coast- 
line. To the south, coastal swamps 
and lagoons are the dominant fea- 
ture; consequently, Rookery Bay is a 
transitional estuary. The forces 
that form and maintain Rockery Bay 


are a combination of those _ that 
shape barrier-island estuaries 
(e.g., impoundment behind a bar and 
coastal erosion) anc those _ that 








shape lagoons (e.g., differential 
solution and erosion of peat and 
marl). Recent sea-level fluctuations 
and hurricanes are major forces that 
control the development of both 
types of shoreline. 


Most of the tidal exchange 
between Rookery Bay and ithe gulf is 
through Little Marco and Hurricane 
Passes. Lee and Yokel (1973) report 
that the physical interplay between 
Keewaydin Island and Little Marco 
Pass is highly dynamic. Aerial 
photographs and older survey maps 
reveal that the barrier’ island 
has migrated to the south at an 
increasing rate from 1885 to 1970 
(Table 19). 


Fram March to June 1972 a 
72.6 m (200 ft) retreat of Keewaydin 
Island was observed (Lee and Yokel 
1973). Concurrently, the sand spit 
off Little Marco Island migrated 
southwest at a rate of 76.3 m 
(210 ft)/year. The authors speculate 
that the large tidal flows around 
Little Marco Island may stabilize 
drifts to the south but = cause 
Keewaydin Island to grow in width. 


The Marco Island estuary (Fig- 
ure 49) lies in the physiographic 
transition zone between the coastal 
protuberant and _ reentrant zones 
(White 1970). On the seaward siae, 
the barrier islands of Marco Island 
and Cape Romano provide shelter for 
leeward embayments and mangrove 


Table 19. Migration rate of Keeway- 
din Island seaward of Rookery Bay 
(adapted from Lee and Yokel 1973). 








PERIOD ‘MIGRATION RAT=(South) | 
1885 - 1927 15.6m (43 ft)/year 
1927 =~ 1957 42.5m (117 ft)/year 
1957 ~ 1970  50.1m (138 ft)/year 











lined tidal creeks. South of Cape 
Romano the coastline recedes into 
the Ten Thousand Islands, a dissect- 
ed network of low, mangrove-covered 
islands. The open-water embayment 
seaward of the islands and in the 
lee of Cape Romano is_ Gullivan 
Bay. The leeward estuaries of the 
Marco Island system include the Big 
Marco River, and Collier, Barfield, 
Roberts, and Blue Hill Bays. The 
Big Marco River and Collier Bay flow 
into the Gulf of Mexico through Big 
Marco Pass on the north side of 
Marco Island. Roberts and Barfield 
Bays flow into the gulf on the south 
side of Marco Island through Caxam- 
bas Pass. Blue Hill Bay connects to 
Barfield Bay, as well as to Gullivan 
Bay, through Coon Key Pass. 


Freshwater’ inflow’ into the 
Marco Island estuary from coastal 
wetlands ranges between 0.27 x_ 10° 
m3/yr and 3.51 x 106 m?/yr 
(van de Kreeke and Daddio 1981). 
Groundwater inflow from the fresh- 
water aquifer to the coastal saline 
aquifer averages 489 m3/day /kilo- 
meter (Amy 1981). During the wet 
season, daily’ tidal fluctuations 
in culverts draining nearshore 
wetlands are nearly obliterated by 
hign water levels. During the dry 
season, daily __ tidal fluctuations 
may range as much as 0.38 m (1.3 
ft) between high and low water. 
Surface runoff from these wetlands 
is approximately 100 to 200 times 
subsurface outflow. Total surface 
outflow is estimated 10 be about 53% 
of the input from rainfall. This 
relatively high percentage is believ- 
ed to be at least pai tially caused by 
drainage operations that accelerate 
runoff. 


A simplified stick diagram of 
major flow conveyance channels of the 
Marco Island estuary is given in Fig- 
ure 50. According to van de Kreeke 
(1972a), the tidal waves at the Gulf 
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Figure 19. The Marco Island estuarine system (adapted from 


van de Kreeke 1972a). 
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Figure 50. Diagram of flow convey- 
ance channels in the Marcos Island 
estuarine system. 
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of Mexico (Big Marco Pass) and Coon 
Key on the sheltered side of Gullivan 
Bay are about an hour out of phase. 
The major flow conveyance channel is 
between Big Marco Pass and ‘-oon Key 
Pass along the Big Marco River. The 
second most important flow pathway 
{in terms of volume) is the Caxambas 
Pass to Coon Key connection. Numerous 
short circuits and dead ends also 
contribute to the net. circulation 
pattern (Figure 49). 


Tidal excursions through these 
major channels are about 4.8 km 
{3 mi) long; not long enough to 
flow through on one tidal cycle but 
nonetheless = significant. Current 





velocities are generally highest in 
the primary channels near the major 
passes and lowest where the tidal 
waves meet. Three areas in the 
estuary where maximum velocities are 
barely measurable are Big Marco 
River near Goodland, Blue Hil] Creek 
west, and John Stevens Creek (van de 
Kreeke 1972a). 


The net effect of urban devel- 
opment of Marco Island canals is to 
increase velocities in these water- 
ways (van de Kreeke 1972a). This in- 
crease is brought about by dredging, 
which increases the cross sections 
of channels and thus their water 
storage and transport capacities; 
and by filling, which decreases the 
upland/wetland storage provided by 
shoreline mangroves. In general, the 
effect of dredging amplifies the 
effect of fiiling, producing not 
only a net increase in canal storage 
but faster water movement as well. 
Although flushing increases in the 
deepened canals, it does not neces- 
sarily improve the overall water 
circulation in the canals, possibly 
because stratification, either due 
to salinity or temperature gradients 
or the physical structure of the 
canal (e.g., presence of sills), 
shields the underlying and stagnant 
waters, and restricts flushing to 
the upper layer (Chesher 1974, 
Carpenter and van de Kreeke 1975). 


Urban development of shorelines 
and wetlands in the vicinity of 
Marco Island generally involves the 
deepening and/or excavation. of 
natural waterways. Such activities 
may create some unique hydrologic 
-onditions where the excavated body 
of water does not connect with the 
Gulf of Mexico (Figure 51). Courtney 
(1981) published data on one such 
excavated "lake" in the Marco Island 


Shores golf course. Due to the 
extremely pervasive’ influence of 
saline ground waters, the lake is 


vialell, a 
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permanently stratified. Vertical 
diffusion is the only means of chem- 
ical exchange between the upper and 
lower strata. As a consequence of 
such high stability, the lakes func- 
tion well as sedimentation basins 
for stormwater runoff. The lower 


saline stratum ultimately receives 
the stormwater runoff, while the 
upper freshwater stratum remains 


relatively unaffected by the nutri- 
ent loading. 


In response to intensive urban 
development, a number of water- 
quality studies have been conducted 
on the Marco Island estuary. Base- 
line information on dissolved oxy- 
gen, salinity, and temperature is 
provided by van de Kreeke (1972b). 
Carpenter and van de Kreeke (1975), 
and van de Kreeke an? Roessler 
(1975) discuss projected and ob- 
served conditions within selected 
waterways of the estuary. Weinstein 
et al. (1977) gave a detailed sum- 


mary of physical, chemical, and 
biological data collected from 1971 
to 1975. Most recently a series 


of papers has appeared (Cross and 
Williams 1981) documenting the 
relationships between urbanization 
and water-quality dynamics in the 
Marco Island area. 


The relative pacity of rain- 
fall at Marco Islanc compared with 
stations on ‘he mainiand was de- 


scribed by Weinstein et al. (1977). 
Low rainfall combined with high 
rates of evapotranspiration (and 
canalization, which promotes rapid 
loss of freshwater) often leads 
to seasonally hypersaline condi- 


tions in estuarine surface waters. 
Minimum salinity usually lags behind 
peak rainfall periods by about one 


month. A westerly salinity gradient 
forms where freshwater inflow is 
significant, such as in the Big 


Marco River, which receives seasonal 
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Figure 51. Hydrologic cross section in the vicinity of Marco Island 


(adapted from Courtney 1981). 


sheet-flow runoff from the Big 


Cypress Swamp watershed. 


Nutrient concentrations in both 
natural and developed’ estuarine 
areas are generaliy low, although 
some artificial waterways may act as 
nutrient sinks. Under certain wind 
conditions, nutrients may be _ re- 
leased from sediments into the water 
column, creating locally high con- 
centrations. Maximum _ nutrient 
levels were reported for Henderson 
Creek, which drained both natural 
and developed areas. Chlorophyll! a 
concentrations are generally highest 
in canal waters that are dominated 
by a phytoplankton-based food chain 
(Weinstein et al. 1977). 


lake-like coastal excava- 
Island are 


The 
tions upland on Marco 
essentially meromictic, with highly 
saline, nutrient-rich, deeper 
ground water and relatively nutri- 


$1 


ent-poor freshwater in the surface 
layer. Water quality in these lakes 
will- probably stabilize in the 
mesotrophic to slightly eutrophic 
cordition. Nutrient overenrichment 
reportedly will not be a problem 
(Huber and Brezonik 1981), nor will 
the discharge of nutrient-laden sur- 
face water from the lakes tributary 
to the estuary. 


The dissolved-oxygen daily min- 
ima at several stations and depths 
in both artificial and = natural 
waterways in the Marco Island estu- 
ary were compared by van de Kreeke 
and Roessler (1975) and Van Belle 
(1974). Because of the input of 
mangrove detritus and the restricted 
backwater circulation, natura! areas 
frequently exhibit lower oxygen than 
disturbed areas. Canal waters tend 
to have a greater degree of oxygen 
Stratification and _ variability with 
depth than waters in natural areas. 





Carpenter and van de Kreeke {1975) 
conclude that the _ vertical-mixing 
coefficient and detritus-based 
respiration are more influential in 
the dissclved-oxygen budget of 
canals than are atmospheric trans- 
fer, water-column photosynthesis, 
and respiration. 


Fahkahatchee Bay and Fahka 
Union Bay (Figure 52) to the south- 
east of Marco Island are _ located 
behind a line of dissected mangrove 
islands. Fahka Union Bay receives 
freshwater inflow from the Fahka 
Union Canal, which drains the Remuda 
Ranch Grants development. Fahka- 
hatchee Bay is less influenced by 
freshwater inflow because drainage 
is by sheet flow from the Fahka- 
hatchee Strand and through the Fast 














River (Carter et al. 1973). 
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Figure 52. Fahkahatchee Bay and 


Fahka Union Bay (adapted from Carter 
et al. 1973). 
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The proximity and_ physical 
Similarity of the two bays permit 
an interesting comparison on_ the 
effects of hydrologic modification. 
Because of higher freshwater inflow 
to Fahka Union Bay, salinities there 
are lower at all times of the year. 
In addition, during high flow in 
late summer, rapid delivery of run- 
off from GAC canals not only affects 
Fahka Union Bay, but western Fahka- 
hatchee Bay as well. Ouring low 
flow, saltwater intrusion in_ the 
channel in Fahka Union Bay is very 


pronounced. Because of greater 
freshwater inflow, salinity intru- 
sion into Fahkahatchee Bay is much 


less pronounced. Salinity stratifi- 
cation occurs in both bays during 
low flow, but again in Fahka Union 
Bay it is greater. In both bays the 
wind is a dominant force that gov- 
erns tidal flux and water level. 
In winter north winds tend to drain 
the marshes and shailow bays, where- 
as in the summer south winds tend to 
pile water up and inhibit flushing 
(Carter et al. 1973). Seasonal 
salinities for both bays are as low 
as 0 to 2 ppt in late summer and as 
high as 40 ppt in late spring and 
summer during droughts. 


Total nutrient loading to Fahka 
Union Bay greatly exceeds that of 
Fahkahatchee Bay, even though the 
mean nutrient concentrations for the 
two bays are similar. The differen- 
ces in loading are related to the 
increased flow from the extensively 
ditched and drained Fahka Union Bay 
estuary. Although total Kjeldahl 
nitrogen (TKN) levels in the two 
bays are similar, Fahkahatchee Bay 
exhibits an occasional high TKN 
value because of local marshland 
drainage. Mean total phosphorus con- 
centrations and total organic carbon 
in Fahka Union Bay are slightly 
lower than in Fahkahatchee Bay. 








Water quality and hydrologic 
data on these two bays reveal that 
the major effect of drainage is the 
loss of chemical energy to _ the 
estuary. Relatively high loads of 
nutrients entering Fahka Union Bay 
pass more rapidly through the chan- 
nelized bay into the gulf than the 
smaller loadings to the unchanneliz- 
ed Fahkahatchee Bay. 


Water and sediment concentra- 
tions of 10 heavy metals at four 
freshwater sampiing stations drain- 
ing intu Fahka Union and Fahkahatch- 
ee Brys were reported by Carter et 
al. (1973). None of the four sites 
were contaminated by nickel, zinc, 
manganese, cadmium, mercury, cop- 


per, chromium, arsenic, or iron. 
Lead concentrations greater than 
State standards (0.05 mg/l) were 


reported from stations that receive 
roadway runoff. Detectable concen- 
trations of heavy metals were re- 
ported most frequently from the 
Tamiami Canal Station. The salinity 
at this station was more like sta- 
tions in the Fahka Union Bay estu- 
ary, which’ frequently exhibited 
detectable concentrations of heavy 


metals in the water column. Excep- 
tions to this general rule were 
mercury, chromium, and _= arsenic. 


Arsenic and mercury were relatively 
scarce in freshwater and bay sedi- 
ments. None of the sediment samples 
contained alarming concentrations of 
heavy metals. 


Analyses for at least 24 pesti- 
cides per station in the water and 
sediment of Fahkahatchee Bay, Fahka 
Union Bay, and the upstream drain- 
ageways were reported quarterly by 
Carter et al. (1973). Of these 
pesticides, none was detected in 
the water column and only six (DDT, 
DDD, DDE, Methoxychlor, PCB's, and 
Dieldrin) were reported from sedi- 
ment samples. Highest concentrations 
were at stations downstream from 
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farmlands near Immokalee where 
pesticide use is extensive. More 
recent data for comparison are not 
available. Generally these waters 
are relatively uncontaminated with 
pesticides. 


8.5 SOUTHERN BiG CYPRESS 
SWAMP 


The Big Cypress National Pr - 
serve (BCNP) (Figure 53) is a 
230,C00 hectare (568,100 acre) area 
encompassing a large fraction of the 
southern half of USGS hydrologic 
unit 03090204 (the Big Cypress Swamp 
watershed). The western portion of 
the preserve is hydrologically af- 
fected by the shallow borrow canals 
of the Ttirner and Barron Rivers. 
The remainder of the area is a broad 
southwesterly slope much like the 
wet prairies of the Everglades. 
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Figure 53. Major physiographic 
regions of south Florida (adapted 
from Duever et al. 1979}. 











Unlike the Golden Gate Estates 
canals, the canals in the Turner 
and Barron River watershec were not 


expressly built for draining the 
land. The Barron River Canal, Turn- 
er River Canal, Everglades Parkway 
Canal, and even the Tamiami Canal 
were all originally constructed as 
borrow canals, sources of fill for 
nearby roadbeds. A typical graph of 
water levels at bridge 105 along the 
Tamiami Canal is shown in Figure 54. 
This graph illustrates that the few 
environmental impacts caused by 
upland drainage activities are rela- 
tively minor compared to that of the 
Golden Gate Estates. 


Flow in the Barron River canal 
ranges from 0 to 8.27 m3/s (0 to 
292 cfs). Dry-season flows range 
from 1.42 to 2.84 m3/s (50 to 100 
cfs) and wet-season flows’ range 
from 2.84 to 4.96 m3/s (100 to 175 
cfs). Mean flow over a 28 year 
period of record is 2.89 m3/s 
(102 cfs). Because of the age of 
the canal network in eastern Collier 
County (30 to 40 years) and the 
relatively sparse’ distribution of 
canals, water levels in the Barron/ 
Turner River watershed have proba- 
bly stabilized (Klein et al. 1970). 
Seasonal flows in the Barron River 
Canal are illustrated in Figure 55. 
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Figure 55. Average monthly flow 
(cfs) in the Barron River Canal 
from 1970 to 1980. 


Both the Turner and Barron 
River Canals receive freshwater flow 
from the strands and sloughs through 
which they cut. Ok aloacoochee 
Slough contributes to both the 
Barron and Turner River Canals; 
Deep Lake Strand also contributes to 
the Turner River Canal. Since flow 
often exceeds 100 cfs in the Barron 
River Canal, inflow from the shallow 
aquifer is substantial (Klein et al. 
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Figure 54. Monthly water levels at bridge 105 at the Tamiami Canal (adapted 


from Klein et al. 1970). 
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1970). The flow is controlled in 
the Barron River Canal by a series 
of stop-log gates that are removed 
during the wet season to increase 
local drainage and_ replaced in 
the dry season to preserve local 
aquifers. 


In the eastern section of BCNP, 
the gradually sloping topography 
follows bedrock undulations running 
southwest toward the coast (Duever 
et al. 1978). The slope of the land 
is about 8 to 16 cm/km (Carter et 
al. 1973). The shallower undulations 
are occupied by marshy sloughs much 
like those of the Everglades. The 
deeper undulations are _ generally 
occupied by cypress strands. These 
strands and sloughs largely contr<l 
drainage and water storage patterns. 
The water table often lies above the 
ground level. Water-level contours 
during typical wet and dry seasons 
are illustrated in Figure 56. 


The estuaries and brackish 
water wetiands southwest of Big 
Cypress National Preserve are aimost 
entirely within the Everglades Na- 
tional Park. An exception is a small 
part of Chokoloskee Bay lying just 
behind the southernmost extension 
of the Ten Thousand Islands. The 
Barron River Canal discharges to 
Chokoloskee Bay at Everglades City. 
Outside of a relatively few physi- 
cal/chemical measurements in 1976 to 
1977 (ESE 1978a), virtually nothing 
is published on the hydrology of 
Chokoloskee Bay. Salinities vary at 
the mouth of the bay from 2.5 to 
20.2 ppt. Ebb tide velocities range 
from 0.15 to 0.70 m/sec and flood 
tide velocities range from 0.08 to 
0.59 m/sec (Scholl 1963, ESE 1978a). 


Despite the paucity of hydro- 
logic data, Harris et al. (1971) and 
Horvath (1973) reported considerable 
data on heavy-metal concentrations 
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Figure 56. Wet and dry season water-level contours in the Big Cypress 
National Preserve (adapted from Duever et al. 1979). 
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in tidal canals and bay waters. 
Analyses’ indicate’ that salinity 
variations are often responsible for 
as much as 84% to 99% of the varia- 
tion in dissolved inorganic concen- 
trations of manganese, copper, zinc, 
and lead. All metals except iron 
showed a net increase in concentra- 
tion with increasing salinity, 
probably as a result of desorption 
by dissolved ions in seawater. 


Concentrations of heavy metals 
in Chokoloskee Bay were reported to 
be 1.5 to 3 times those in other 
nearby estuaries receiving natural 
drainage (Horvath 1973). During the 
wet season, increases in nutrient 
concentrations were apparently 
caused by inflow from the Barron 
River. Not known is whether enrich- 
ment is caused by agricultural or 
roadway runoff or increased oxida- 
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tion of drained soils. The fact that 
elemental ratios remain constant in 
ali estuaries suggests that the 
cause is probabiy a combination of 


the two sources. 


Measured concentrations of 
iron, copper, manganese, zinc, and 
lead showed 2 migration of these 
metals into estuaries. Oxidation of 
soils may enhance this migration 
since the metals are found predomi- 
nantly in particulate form associ- 
ated with the organic fraction of 
sediments. Oxidation of organic mat- 
ter ir: sediments and soils reduces 
their cation-exchange capacity, thus 
contributing to increased migration 
of metals to estuarine’ waters. 
Mercury content in sediments was 
strongly correlated with  cation- 
exchange capacity (Harris et al. 
1971). 








CHAPTER 5 
WATERSHED ENERGETICS 


5.1 ENERGY AND MATERIAL 
FLOW THROUGH THE 
COASTAL WATERSHED 


The concept of watershed energy 
and material flow probably is best 
described by Odum (1971) as follows: 


eeeit is the whole drainage 
basin, not just the body of water 
that must be considered as the mini- 
mum ecosystem unit when it comes to 
man's interests. «+. the watershed 
is a practical ecosystem unit for 
management that combines (both) 
natural and culturul attributes. 


Watershed energy flow is af- 
fected by two fundamentally dif- 
ferent but related types of work, 
i.e., inorganically mediated work 
and biologically mediated work. 
Inorganically mediated work refers 
to the effects of basic physical! 
chemical background conditions, such 
as climate, which influence _ all 
biological, physical, and chemical 
processes. Physical forces such as 
sunlight, winds, tidal fluctuatioris, 
heat flux, rainfall, atmospheric 
chemical fallout, and osmotic gradi- 
ents form the basic energy sources 
that largely determine the composi- 
tion of the biota, soils, and water. 


Biological forces cause the 
transformation and storage of energy 
and matter into plant and animal 
biomass, its subsequent degradation, 
and its transportation within bio- 
logical tissues. Examples are the 
uptake of nutrients from the soil 
and water, the evolution of oxygen 
or carbon dioxide, and the trans- 
formation of one type of biomass 
(e.g., fish) into another type of 
biomass (e.g., bird feathers). Also, 
as organisms move within and between 
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watersheds, they perform work by 
transporting energy and materials in 
the form of their own tissues. 


The hydrologic boundaries be- 
tween watersheds may serve as com- 
plex biophysical membranes. They 
naturally divide the landscape into 
a mosaic of distinct units (or 
watersheds), each possessing a 
physical/chemicai integrity defined 
by topography and drainage. At the 
Same time these membranes are also 
permeable. Each watershed, upon 


closer examination, is itself par- 
titioned into a mosaic of natural 
habitats and cultural land uses 


which often transcend hydrologic 
boundaries. Through biological 
transport, cultural activities, and 
atmospheric processes, energy and 
matter are constantly exchanged 
across watershed boundaries. Within 
each watershed there also appears 
to be a_ systematic partitioning 
of physical/chemical resources by 
competing plants and animals. The 
variety of land uses in the water- 
shed actively tap inte and modify 
available resources to produce a 
wide range of fish and wildlife as 
well as industrial and agricultural 


goods. 


The four major systems identi- 
fied with coastal watersheds are 
terrestrial, freshwater, estuarine, 
and marine. Each of these systems 
consists of a set of habitats sup- 
ported and maintained by a unique 
group of environmental conditions. 
Such conditions include background 


physical/chemical similarities, suc- 
cessional (developmental) relation- 
ships between habitats, and _ the 


shared use of habitats by the same 
and different plant and = animal 
species. 








In addition to_ relationships 
within each system, there are many 
important interactions between 
systems as well. As terrestrial 
habitats develop they often induce 
changes within their boundaries that 
influence internal back ground 
conditions and other nearby habi- 
tats. For instance, as grasslands 
succeed to pines and pines to ham- 
mocks, the growth and development 
of a forest overstory may mitigate 
the effects of the wind and tempera- 
ture fluctuations in microclimates, 
increase physical diversity, and 
change the chemical composition of 
the soil. 


By storing nutrients and other 
chemical energy in slow-turnover 
forms of biomass (e.g., woody tis- 
sues) or by binding them to organic 
matter in soils, the _ terrestrial 
system affects the rate of energy 
and material flow to downstream 
freshwater habitats. Evapotranspi- 
ration by terrestrial plants tends 
to conserve upland water tables and 
help regulate the amount and timing 
of downstream flow. Increased pene- 
tration of the soil by plant root 
structures and the absorptive capac- 
ity of humus in the soil also helps 
conserve or recharge upland aqui- 
fers. Conversely, the disruption of 
natural upland habitats by either 
natural or man-induced factors has a 
reverse effect. Land clearing, min- 
ing, agriculture, and urbanization, 
as well as fire, flooding, and wind 
or hurricane damage, __ indirectly 
disturb aquatic habitats by altering 
terrestrial habitats. Urban develop- 
ment tends to increase flooding 
downstream by removing permeable 
surfaces upstream. Land clearing 
and agricultural practices generally 
increase erosion, accelerate oxida- 
tion of soil organic matter, and 
amplify extremes of drought and 
flood. These alterations sometimes 
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elevate turbidities, excessively 
transport nutrients and other chemi- 
cal loadings to streams and lakes, 
destabilize the soils, and amplify 
highs and lows in surface water and 
groundwater. 


Aquatic habitats re lotic 
{running waters), such as springs, 
streams, and _ rivers, or _§lentic 
(standing waters), such as lakes, 
ponds, swamps, and bogs. As natural 
back grouna conditions dictate, 
freshwater lotic habitats assume 
characteristic channel sizes and 
shapes, bottom and bank topogra- 
phies, and stream meanders. In 
these waters emergent, submerged, 
floating, and attached plants may 
proliferate and compete for avail- 
able light, space, and nutrients. 
As conditions change (again due to 
either natural or man-induced fac- 
tors) physical/chemical background 
conditions are redefined and biolog- 
ical communities change accordingly. 


In lentic habitats similar 
physical processes such as_ the 
amount of runoff, the size and shape 
of the catchment basin, its natural 
outflow, and drainage and develop- 
ment within the upstream basin 
determine basic background charac- 
teristics. Again, the _ biological 
communities change in response to 
changes in background factors. 


In estuaries, physical/chemical 
background conditions depend upon 
three major factors: (1) the com- 
bined energetics of upstream terres- 
trial and freshwater habitats that 
determine the timing, quantity, and 
chemistry of freshwater inflow; (2) 
the energetics of offshore marine 
systems that force tidal mixing, 
set up current structures, and pro- 
vide seasonal habitats for many es- 
tuarine plants anc animals; and (3) 
natural and man-induced activities 








that alter biological communities as 
well as the natural shape and orien- 
tation of an estuarine basin and 
its connection with the open ocean. 
These three factors influence wind 
mixing of the water column, flushing 


rate, circulation pattern, and the 
nature of benthic environments. 
Local urban-industrial activities or 


shoreline development may also in- 
fluence physical/chemical conditions 
by adding pollutants and nutrients 
or altering important habitats. 


5.2 CONCEPTUAL MODELS 
OF REGIONAL ECOLOGICAL 
PROCESSES 


To better demonstrate’ the 
ecological processes in terrestrial, 
freshwater, estuarine, and marine 
systems in the Caloosahatchee River/ 
Big Cypress Swamp watershed, three 
conceptual models have been pre- 
pared. The first model shows ter- 
restrial energy flow; the second, 
socineconomics of the area; and the 
third’, the combination or energy 
flew through ecosystems in a socio- 
economic structure. Taken together 
the models show how the various 
components of the watershed are 
interrelated by the flow of energy 
(biological, chemical, physical). 
The symbols used in the conceptual 
models are given in Table 20, along 
with a brief explanation of the 
meaning and general use of each of 
these symbols. 


In some respects, a conceptual 
mode! is similar to a painting of a 
natural habitat: if one concentrates 
on a blade of grass, the detail is 
lost, and the blade, or what appears 
to be the blade, becomes no more 
than a stroke of paint. The artist's 
intention is not to accurately por- 
tray every blade of ass but to 
catch the essence of the marsh as a 
whole. This approach underlies the 
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perspective sought in a conceptual 
model; that is, to sacrifice the 
minutiae in order to identify the 
overriding controls, forces, sinks, 
and pathways of the energy system. 
Through this perspective the viewer 
may be able to see the forest in 
spite of the trees. 


The terrestrial ecosystem is 
chosen to illustrate a conceptual 
model of energy and material flow 
through the Caloosahatchee River/ 
Big Cypress watershed (Figure 57). 
Only the major forces and internal 
cycling processes are explicitly 
diagrammed. To the right of the 
model, a dashed line leads off to an 
abbreviated list of the overlapping 
habitats that this ecosystem encom- 
passes. Arrows that leave the larger 
ecosystem "box" point to explana- 
tions of specific ecosystem energy 
flow, storages and pathways. Exter- 
nal forces which help to drive or 
power the ecosystem processes are 
described in the large circle to the 
left of the “box". One of the 
forces, hurricanes, is extremely 
important to south Florida water- 


sheds, particularly as viewed in a 
time frame of centuries. 

The second conceptual model 
(Figure 58) examines man's. role 


in the energy flow of the Caloosa- 
hatchee River/Big Cypress watershed. 
Man might be viewed as a recently 
introduced exotic species to the wa- 
tershed. High and dry habitats such 
as urbanized areas and citrus groves 
in the uplands and native range in 
the pine flatwoods are _ colonized 
first. As more area is needed, 
drainage systems are constructed and 
wet areas are made more suitable and 
accessible to agriculture, timber 
production, and urbanization. As 
agriculture, industry, and govern~ 
ment expand, their management func- 
tions increasingly become nature's 
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Tzble 26. Explanation of energy circuit language symbols used 
in the conceptual models (Snedaker and Lugo 1972). 


SYMBOL EXPLANATION 








a. Passive storage 


The patsive storage symbo! shows the locatior ina 
INPUT OuTPUT system for passive storage such as moving potatoes into 
a grocery store of fuel into a tank. No new potential 
energy is generated and some work mwst be done in the 
CONTROL FACTOR process of moving the potential energy in and out of the 


storage by some other unit. It is used to represent the 
storage of materials or biomass in systems. 
db. Workgate 
INPUT OUTPUT s 
The workgate module indicates a flow of energy (con- 
HEAT tro! factor) that makes possible avothe’ flow of energy 
it is used to show the qwitiplier 


— SINK { input-output). 
” inter<-action of two system components. Energy 
transformations are never 100% efficient. The heat sink 


represents energy lost during work. 
INPUT ouTPuT c. Selfemaintaining consumer population 
The self-maintaining consumer population symbol! re- 
presents a combination of “active storage" and a “mui ti- 
HEAT plier by which potential energy stored in one of mwre 


=_ SINK sites in a subsystem is fed back to do work on the suc- 
cessful processing and work of that unit. 


INPUT OUTPUT é. Primary producer 
——— ¢ 
The primary producer symbo! is a cambination of a 
"consumer unit® and a “pure energy receptor*. Energy 


_) HEAT captured by a cycling receptor unit is passed to a self- 
a maintaining unit that also keeps the cycling receptor 
machinery working, and returns necessary materials to 
it. The gre plant is an example. 


OUTPUT e. Energy source 
The energy sour. e symbo! represents a source of ener 
gy such as the sun, fossil fwel, of the water from a 


reservoir. A full description of this source would 
require supplementary description indicating if the 
FACTOR source were constant force, constant flux, of programmed 


in a particular sequence. 
f. Logic Switch 
OUTPUT 

INPUT OPTIONS The logic swi ch signifies that the distribution of 
an energy flow is controtied at some point(s) within the 
ecosystem by a decision criteria. Where of when or how 

HEAT much of the energy flow is taking a given output pathway 

is determined by a 


logic contro! function. Examples 
include the contro! of punping schedules and directions 
in response to water supply and demand. The cost of 
DRIVING Maintaining and operating the combination of contro! 
FORCE Structures and decision making pathways also follows 
the second law of thermodynamics. 























ft. Twoeway workgate 








Curpur ouTeut The two-way workgate or forced diffusion module 
oan represents the movement of materials in two directions 
as in the wertical movement of minerals and plankton in 
the sea. The movement is in proportion » a concentra~ 

} pa tion gradient or a causal force shown operating the 

— SINK fate. The heat sink shows the action to follow the 





second law of thermodynamics. 
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Figure 57. Conceptual model of a terrestrial ecosystem 
(Snedaker and Lugo 1972). 
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Figure 58. Conceptual model of an ecosystem influenced 
Florida (Snedaker and Lugo 1972). 
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management functions as well. The 
private control of vast acreages 
of land for timber or agricultural! 
production; the designation and 
management of public lands _ for 
parks, wildlife refuges, and conser- 
vation areas; and the spread of 
urban and suburban development are 
not only competing interests within 
man's economy, but are also compet- 
ing with and dependent upon nature's 
ability to self-regulate. To accu- 
rately perceive the _ relationships 
between man and nature in south- 
western Florida, it is essential 
to understand that man himself is 
a function of natural processes 
rather than a force separate from 
them. 


The third conceptual mode! 
(Figure 59) combines the previous 
two models and is expanded to 
include wetland, estuarine, and 
continental-shelf ecosysiems, The 
result is a conceptual model of 
the entire watershed. The habitats 


included in each of the ecosystems 
are listed in Table 21. Major energy 
forces are shown entering the mode! 
from the left side of Figure 59. 
Natural chemical and physical energy 
forces are augmented by imported 
goods and services which support the 
activities of man. Energy and mate- 
riais are exported from the water- 
shed by evapotranspiration, emigra- 
tion of species, fishery industries, 
tidal flushing, surface runoff, and 
export of agricultural and manufac- 
tured goods. Within each system the 
energy flow of plants and animals 
is symbolized by a combination of 
symbols given in Figure 57. At 
the downstream end of the watershed, 
the estuarine system is physically 
and biologically linked with the 
continental shelf of the southeast- 
ern Guif of Mexico. The arrows 
linking the major systems show 
energy and matter flow between the 
respective systems. These links 
take the form of physical/chemical 
energy transfers. 


Table 21. Habitats corresponding to conceptual model zonations. 





Terrestria! & freshwater 


Estuarine & saltwater 





Prairies, marshes, 
and ponds 


sloughs, 


Cypress and swamp forests 


Rivers and lakes 





Disturbed sites 


wetlands wetlands 
Pinelands Salt prairies and marshes 
Hammock s Mangrove forcsts 


Oscttifating salinity 
open waters 


Beach and dune 


Disturbed sites 
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Figure 59. Conceptual model of the Caloosahatchee River/Big Cypress 
watershed (Snedaker and Lugo 1972). 


Man's role 


getics 


in watershed ener- 
is represented by the fol- 


lowing three consumer-management 
functions: 
(1) The urban/industrial system, 








located primarily along the 
coast from Cape Romano to 
Fort Myers and inland on 
the shores of the Caloosa- 
hatchee River, consumes 
local resources such as 
water, space, nutrients from 
the soil, natural products 
(wood), and minerals (sand, 
limestone, and oil), as well 
as many imported goods and 
services. Some of the prod-~ 
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(2) 


ucts are exported, while 
some are consumed locally by 
other industries and people. 
Still another compenent of 
the output is fed back to 
other systems within the 
watershed in the form of ef: 
fluents and nonpoint source 
runoff. 

Agriculture is concentrated 
in the upper Caloosahatchee 
River wa\ershed. In addition 
to consuming much space and 
significantly altering natu- 


ral habitats, modern agri- 
cultural practices require 
considerable subsidies of 








imported goods and services. 
Such items include machin- 
ery, oil aad gas, chemicals, 
and sometimes ‘abor. 

The South Florida Water Man- 
agement District (SFWMD), 
which essentially controls 


and redistributes water 
throughout south Florida, 
attempts to reduce the nega- 
tive effects that floocing 
and drought may exert on 
urban, industrial, and agri- 
cu'tural activities. 








CHAPTER 6 
PLANT COMMUNITIES 


6.1 INTRODUCTION 

Plant associations that develop 
in response to background physical/ 
chemical conditions are integrating 
links between the watershed as a 
physical unit and the watershed as a 
habitat for fish and wildlife. In a 
manner of speaking, plant communi- 
ties are the "“fixed" components of 
an ecosystem, and fish and wildlife 
(fauna) are its moving parts. 


Actually, the fixed nature of 
the flora is only relative because 
abundance and species composition 
often change rather sharply over 
time. Plants possess a wide variety 
of adaptive mechanisms for spreading 
and competing with one another and 
for responding to changes in the 
total environment. 


The structural and functional 
aspects of these fixed components 
of the environment within the ter- 
restrial and freshwater wetlands of 
the study area are described in 


Section 6.2. Section 6.3 relates 
to similar topics in estuary = and 
saltwater wetlands. Section 6.4 


deals with disturbed communities and 
Chapter 7 outlines the composition 
and function of the faunal (or “mov- 
ing parts") component of the water- 
shed as an ecosystem. 


6.2 TERRESTRIAL AND FRESH- 
WATER WETLANDS 


Successional patterns of major 
plant communities in the Caloosa- 
hatchee River/Big Cypress watershed 
are given in Figure 60. The instan- 
taneous composition and distribution 
of plant communities are determined 
by a combination of physical/chemi- 
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cal background forces that may 
arrest or promote certain changes in 
vegetation, and competitive interac- 
tions between species for resources 
{e.g., substrate, space, nutrients, 
and light}. In the upland portion of 
Caloosahatchee River/Big Cypress 
watershed, the four major plant com- 
munities are pine forests, hardwood 
hammock forests, cypress and mixed 
swamp forests, and prairies and 
marshes (sloughs and ponds). Any of 
these plant communities may be dis- 
turbed by man's land use practices. 
The disturbed communities include 
urbanized lands, agricultural opera- 
tions, industrial sites, canalized 
waterways, and exotic plant communi- 
ties. The specific effects that man- 
made modifications exert on plant 
communities depends largely upon 
local conditions and the _ intensity 
of the alterations. Natural factors 
that influence the native vegetation 
distribution are fairly well delin- 
eated in terms of some combination 
of soils, hydroperiod for eleva- 
tion), catastrophic events (fire, 
hurricanes), or natural succession 
process. 


Natural succession is usually 
{but not always) associated with 
changes in one or more of the pre- 
ceding physical/chemical background 
conditions. For instance, the con- 
tinued success of pinelands is com- 
monly attributed to periodic fires 
which arrest succession to hardwood 
hammocks. When fires are absent for 
many years, the susceptibility of 
older pines to disease, the lack of 
fire-stimulated regrowth of pine 
seedlings, and the generally more 
efficient resource partitioning by 
hardwood species may eventually lead 
to the hardwood hammock. This is not 




















1-Pine Flatwoods 

2-Southern Slash Pine Forest 

3-Sand Pine, Pinus Clauea, Scrub 
Forest 


4-Cypress Swamp Forest 

5-Swemp Forest, mostly Hardwoods 

6 -Mengrove Swamp Forest and 
Coastal Marshes 

7-Grassiends of Prairie Type 

8-Region of open Scrub Cypress 

Q- Freshwater Marshes 








10-Wet to Dry Prairie Marshes on Mari & Rockland 








Figure 60. Major plant communities in the Caloosahatchee River/Big Cypress 


watershed (adapted from Davis 1940). 


the only scenario. Other factors 
aside from the presence or absence 
of fire may also control or modify 
the pine-to-hardwood = successional 
process. The most obvious of these 
is forestry management and planting 
(silviculture). Another example of 
natural change is seen in exception- 
ally sandy soils where a pine forest 
may be more or less semipermanent 
simply by virtue of its greater 
tolerance to more mesic conditions. 


Where succession occurs, physi- 
cal/chemical changes are often in- 
duced in the environment by changes 
in dominant species ard _ relative 
species abundance. For instance, 
the understories of hammocks are 
generally more shaded than those of 
pinelands. The shading provides a 


cooler, moister, and more stable 
microclimate. In addition there is 
less ambient light available to ham- 
mock understories than to pineland 
understories. The cooler, darker, 
moister microclimate promotes. the 
formation of a humus layer on the 
hammock floor that is lacking’ in 
pinelands. The relative increase in 
organic matter adds cation-exchange 
capacity to the hammock soils which 
increases their holding capacity for 
essential nutrients. These condi- 
tions together favor understory spe- 
cies that have shallow root systems 
and are extremely shade tolerant, 
as ~upcsod to pineland understories 
wh:.. species with deeper root 
+» sos, less shade tolerance, and 
hig: er heat/drought tolerances are 
tavored. 











Successional processes that 
lead from aquatic or shallow wetland 
communities into hammocks or cy- 
press-dominated sloughs also relate 
closely to induced changes in physi- 
cal/chemical background conditions. 
Over the years, autochthonous 
productivity and runoff contribute 
organic matter to the sediments, 
creating a deep layer of marl or 
peat that gradually decreases water 
depths. Eventually this shifts the 
competitive edge in favor of plant 
species that more efficiently par- 
tition the available substrate and 
light. 


Disturbed communities add a 
whole new dimension to successional 
trends. Exotic communities, for 
instance, encompass’ those _ sites 
where the introduction of nonnative 
species disrupts the natural succes~ 
sion. Invading species’ include 
cajeput (Melaleuca quinquinervia), 
Australian pine (Casaurina equiseti- 











folia), brazilian pepper (Schinus 
terebinthifolius), hydrilla (Hydril- 





la verticillata), and water hyacinth 
(Eichhornia crassipes). These spe- 
cies are extremely competitive under 
conditions often prevaient in south 
Florida. 








Two studies in particular de- 
scribe plant successional relation- 
ships in the study area. One (Figure 
61) emphasizes the combined effects 
of land elevation and soils as well! 
as sea-level fluctuations on region- 
al successional patterns (Alexander 
and Crook 1974). On high, moist 
limestone or sand, pine forests are 
an edaphic climax community. This 
plant community grades into pine- 
hardwood forests and pure hardwood 
(true climatic climax) forests. In 
lower areas, (i.e, bedrock troughs 
or areas occasionally inundated 
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other communities that 
are cypress-hardwood 
strands, mixed 
and marsh-prairie 


by water) 
may prevail 
forests, cypress 
cypress-marsh, 


communities. Long-term sea-level 
fluctuations cause shifts in plant 
communities by modifying regional 
runoff, freshwater head, soil 
moisture, hydroperiod, and _= soil 
salinity. 


The second (and more recent) 
approach to regional successional 
patterns emphasizes the controlling 
influences of periodic fire and 
length of hydroperiod (Duever et al. 
1975). This approach (Figure 62) 
estimates the rate of succession 
without the arresting influence of 
fire. The diagonal line separates 
common successional stages from rare 
ones, and estimates the recurrence 
interval at which the most devastat- 
ing fires impact plant communities 
with increasing hydroperiods. For 
example, fire is the most important 
factor limiting the development of 


the hardwood hammock. Some of the 
major floral changes’ involved _ in 
wetland-to-hammock succession for 


the watershed are_ illustrated’ in 


Figures 63 and 64. 


6.2.1 Pinelands 





Pine forests in he watershed 
are either wet pineland or dry pine- 
land (Long 1974). Wet pineland, as 
suggested by Figure 63, is a transi- 
tion stage in the succession between 
the shallow wet prairie community 
and the hardwood hammock. Dry pine- 
lands are found in higher, drier 
locations (Figure 64). Floristically 
the two stages can be distinguished 
by differences in their understory 
vegetation and consequently their 
gross physical appearance (Duever 
et al. 1979). 








GENERALIZED PLANT SUCCESSION IN SOUTH FLORIDA 
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Figure 61. Successional patterns in south Florida plant communities (adapted 
from Alexander and Crook 1974). 
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Figure 62. 


HYDROPERIOD | DAYS! 


Successional stages in inland plant communities in 


south Florida (adapted from Duever et al. 1976). 


99 








Successional Process Without Fire 
eet i 
Shallow Water Marsh to Hammock _ WATER OAK 
4d hath * 
A ~ 
SLASH PINE — ia 
hmdond i RED MAPLE Lr ma fe YON... 
) § AX eR ~ / /RED BAY \ é GV TP 
s © tne, a ws ’ AW, ‘ft Mma AS ae, 
ee OC ee Tare | YRS OY v4 
' a4 2a XY oy oA ” ae sed 0 , 
tna ‘a + ¢ a oy _ hes nf aie, 2 
os . - + y j / / 
CABBAGE | As ORIYA NS) | f WY JP ~ ¥ 
PALM AWS m~ hy > ty i” ik we \\ “eal 
ot | in ' . ed 5 MYRSINE ‘ 
4 yt ‘ O hel vt “ % rr, 4 s f } “ " ] 7 ' 4 
SHALLOW WATER , hey F al ay er C eC Ja | 
. 4 a ) «) _ A J 
MARSH WAX MYRTLE >A” \y ye vi j y) yy 
, a LX, < " @& STRANGLER ) ¢ ‘ji > «4 
“a << , \ yw ~&, - FIG 5 r 
’ ¥ oo. " © <1 y . . | s : 
ii A ete. fe eee. wee eae 2 | Yan 4 j ? >>s° \ * > “2 - =< ra ¥ 
ESTIMATED TIME SCALE 5 YEARS 20 YEARS 50 YEARS 100 YEARS 











Figure 63. South Florida successional stages without fire: shallow-water 
marsh to hammock (adapted from Wharton et al. 1977). 
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Figure 64. South Florida successional stages without fire: deep-water marsh 
to hammock (adapted from Wharton et al. 1977). 
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Both categories of pine forests 
are dominated by siash pine (Pinus 
elliottii var. densa). This variety 
of the species’ is_ particularly 
suited for survival in south Florida 
where fire and water are recurring 
factors. It is well known that fire 
actually stimulates slash pine seed- 
lings to sprout, promoting them as 
pioneers of burned over’ lands 
(Ketcham and Bethune 1963). The 
thick bark of older trees tends to 
give them some measure of protection 
from milder fires, whereas’ both 
adult and seedling hardwoods tend to 
succumb to such stress more easily. 
In addition to these general char- 
acteristics, slash pine possesses 
longer taproots and smaller needle 
size than its northern relative, a 
fact that McNab (1965) and McMinn 
(1970) believe favor it under the 


variable soil water conditions of 
SOIL 
MOISTURE 
springwood burst 





.  T 


STs 


spring drought and summer flooding. 
The major monthly trends and envi- 
ronmental factors which influence a 
slash pine stand are summarized in 
Figure 65. 


Since wet pinelands are associ- 
ated with prairie to hammock succes- 
sion, many of the’ characteristic 
prairie species also occur in the 
understory of pine forests. Common 
species inciude grasses of the gen- 
era Muhlenberghia, Andropogon, and 
Paspalum, and herbs of the genera 
Sabatia, Polygala, and  Asimina. 
Long (1974) lists 361 species of 
plants in wet pine forests in south 
Florida, making it the most diverse 
habitat in the region. He reports 
303 plant species from the dry pine- 
lands of south Florida, ranking it 














third behind wet pinelands and hard- 
wood hammocks. 
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Figure 65. The annual cycle of a slash pine stand. 
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Dry pinelands are generally 
characterized by an abundance of 


palms, particulariy cabbage palm 
Sabal palmetto and saw _ palmetto 








Serenoa repens. Like slash pine, 
these palms are also fire adapted. 
Both species possess a deeply em- 
bedded bud within a fire-resistant 
trunk (Duever et al. 1979). Cabbage 
palm adapts to flooding through the 
production of adventitious roots, a 
capacity less characteristic of the 
saw palmetto. 





Pure stands of cabbage palms 
(palm savannahs) sometimes occur as 
a result of logging the pine over- 
story (Duever et al. 1979). Other 
species common in the palm under- 
story are varnish leaf (Dodonaea 





viscosa), wax myrtle (Myrica ceri- 


fera), gallberry (Illex glabra), 
lyonia (Lyonia spp.), sumac (Rhus 











copallina), snowberry (Chiococca 
AP velvetseed (Guettarda sca- 





bra), and penny royal (Satureja 





rigida). 


The upper physical structure of 
pine forests is usually an open one 
with canopy coverages in the range 





of only 10% to 20%, even in unlogged 
stands. Tree heights in mature 
forests may reach 30 m (100 ft) and 
diameters at breast height (dbh) 
approach 40 cm (16 inches). Fire 
or other catastrophic factors are 
evident in second growth forests 
that have a variety of tree sizes 
and age classes. In sabal palm 
understories, some pines may grow 
as high as 20 m (65 ft). 


The lower physical structure of 
pine forests ranges from highly 
dense shrubbery (saw palmetto, wax 
myrtle) to thick grass. Midcanopy 
layers of palm and palmetto are 
rare, although saw palmetto may form 
a dense cover all the way from the 
ground to as high as 2 m (7 ft). 


The continued success of pine- 
lands as groundcover is promoted 
through a balance of structurai and 
functional adaptations that beth 
encourage fire and limit it. A 


list of the physical and  biologi- 
cal features of pinelands_ that 
simultaneously promote fire and 
limit fire is given in 
Table 22. 


Table 22. Physical and biolcaical features of pinelands that simultaneously 


promote and limit fire (adapted from Duever et al. 1979). 





PROMOTE FIRE 


LIMIT FIRE 





1. Open canopy: promotes wind and 1. 
moisture loss thus initiation 
and spread of fire. 


2. Net litter or duff accumulation: 2. 
without fire, accumulation rate 
of litter far exceeds decomposition 
rate creating much dry kindling 
promoting either fire or succession. 


3. Species adaptations to fire: heat 3. 
induced germination and sprouting 
of seedlings, fire resistance of 
older trees gives relative ad- 
vantage to pinelands over hammocks. 





Open canopy: relatively wide 
spacing of trees tends to slow 
the spread of fire. 


Sensitivity of juvenile trees: 
leads to fairly widely separa- 
ted year classes; fuel of 
larger trees thus separated 
from effects of lower ground 
fires. 


The same adaptations i.e. re- 
sistance to fire, also tend to 
limit the spread of fires by 
limiting the fuel supply. 
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6.2.2 Hammocks 





Hardwood hammocks, though rel- 
atively rare throughout the water- 
shed, are more common toward the 
south. Hammocks are generally foui.d 
on elevated bedrock areas that are 
overlain by sandy peat (Craighead 
1971). Such soils, Known as the 
Pinellas-Copeland complex (Leig'ty 
et al. 1954, Carlisle and Brown 
1982), are composed of organic mat- 
ter mixed with fine sand overlying 
limestone, sometimes with a layer 
of marl sandwiched between. 


The hardwood hammock is con- 
sidered to be the climatic climax 
community for south Florida (Davis 
1943, Craighead 1971, Alexander and 
Crook 1974). Dominant overstory 
and pioneer species are laurel oak 
(Quercus laurifolia), water oak (Q. 
nigra), live oak (Q. 
and tamarind (Lysiloma bahamensis). 
Species domination tends more toward 
the temperate oaks to the north of 
the watershed, with progressively 
more tamarind to the south. Frost 
tends to limit the abundance and 
distribution of tropical flora at 
higher latitudes. 











As pioneer hammock species in- 
vade other plant communities, they 
pave the way for a variety of shade- 
tolerant trees and shrubs. At full 
development, hammock  overstories 
characteristically exhibit a 75%- 
90% crown cover, creating a stable. 
moist microclimate that is exploited 
by a diverse understory. Though 
hammocks support fewer total species 
than do wet pinelands, a greater 
number are woody plants. Represen- 
tative species are cabbage palm 
(Sabal palmetto), strangiler fig 
(Ficus aurea), pigeon plum (Cocco- 
loba diversifolia), gumbo mbo 
Bursera simaruba), poisonwood 
(Metopium toxiferum}, red bay (Per- 
sea borbonia), and cocoplum (Chry- 
sobalanus icaco) (McPherson 1973). 























virginiana), 


103 


Farther to the north in the water- 








shed, southern magnolia (Magnolia 
grandiflora), American holly (llex 
opaca), blue beech (Carpinus caro- 
liniana), and hop hornbeam (Ostrya 


virginiana) are more characteristic 
species (McCoy 1981). 


The relatively stable, moist 
microclimate of hammocks is_ also 
conducive to an abundance of orchids 
(family Orchidaceae) and bromeliads 
{pineapple family, Bromeliaceae). 
Orchid species in hammocks include 








ionopsis (lonopsis utricularoides), 
clamshell orchid (Encvclea coch- 
leata), mule ear orchid ~“(Oncidium 


Turidum), and cowhorn orchid ( Cyrto rto- 
podium punctatum) (Luer ont “Sre- 
meliads are generally less habitat- 
specific than the orchids. Major 
species in hammocks include yellow 
catopsis (Catopsis beteroniana), 
bali moss (Tilton dsia recurvata), 
Spanish moss (T. usneoides), and 
twisted air plant (T. flexuosa) 
(Long and Lakela 1971). The bro- 
meliads are particularly significant 
to the wildlife of hammocks in that 
their unique construction often 
serves as a miniature aquatic res- 
ervoir. These plants may provide 
drinking water for mammals, birds, 
and reptiles; hideouts for amphibi- 
ans; and breeding or feeding grounds 
for insects, birds, and amphibians 
(Duever et al. 1979). Because of 
their extreme sensitivity to changes 
in the environment and their past 
commercial exploitation, many or- 
chids and bromeliads are also en- 
dangered or threatened (see McCoy 
1981). 











Hardwood hammocks exhibit 
structural and functional features 
that promote their  self-perpetua- 
tion. In contrast to the features 
of the wet prairies, in which ham- 
mocks frequently occur as rounded, 
elevated islands, the hammocks are a 
very radical departure in structure 
and function. The hydroperiod in 


ih 
=. 





hammocks is brief - 10 to 45 days 
per year at the most - compared to a 
3- to 5-month hydroperiod in the 
surrounding prair.es (Duever et al. 
1979). The slight (30 to 90 cmj 
elevation prevents “drowning"™ of the 
generally sha!low-rooted dominants 
of the hammock. A potential dis- 
advantage of the slight elevation is 
that dominant shallow-rooted hammock 
plants are under stress because of 
deficiencies in moisture and nutri- 
ents close to the soil surface dur- 
ing the dry season. However, gradual 
changes in microclimate help solve 
this problem. Increased shade, less 
evaporation, and lower air tempera- 
tures create a more favorable envi- 
ronment for the formation of humus 
{organic matter) in the soil of 
hammocks. This organic matter holds 
vitai ions and moisture that would 
otherwise leach out from purely 
sandy soils or underlying limestone 
bedrock. Litter accumulated on the 
floor of a hammock tends to conserve 
nutrients and water so that shallow- 
rooted species may recycle them. 


Fire is a major threat to hard- 
wood hammocks; however, they exhibit 
considerable fire-resistance because 
of their external shape and _ high 
internal moisture content. Hammocks 
are usually round, and often have a 
"moat" encircling them. The moat 
provides a definite barrier against 
the spread of fire into the hammock. 
The relative impermeability of the 
hammock to wind helps keep sparks 
from reaching burnable tissue. High 
moisture content in hardwood ham- 
mocks diminishes the probability of 
fire from lightning. 


These same habitat character- 
istics help reduce the threat of 
freezing temperatures and = hurri- 
canes. In the Caloosahatchee River/ 
Big Cypress watershed, where there 
is a marginal chance of frost, the 
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added protection provided by an en- 
closed canopy can make a difference 
between life or death for purely 
tropical plants. In addition, hur- 
ricane wind damage is minimized by 
the hammock's circular snape, which 
tends to deflect strong winds away 
from the interior of the hammock 
(Craighead 1971). 





6.2.3 Cypress and Mixed Swamp 
Forests 
According to Duever et al. 


(1979) the four types of swamp for- 
ests in the southern part of the 
watershed are mixed swamp forests, 
cypress domes and strands, monospe- 
cific stands (willow, pop ash, pond 
apple), and dwarf or scrub cypress. 
These types are especially obvious 
in the Big Cypress National Pre- 
serve, where swamps are a prominent 
feature of the landscape. North 
toward the Caloosahatchee’ River 
watershed, dwarf cypress are rare 
and swamps are less prominent. 


The distribution of cypress and 
mixed swamp communities is largely 
determined by surface topography, 
bedrock undulations, and surficial 
sediments. These factors control 
hydroperiod and _ soil composition, 
which have direct effects on the 
types of communities that may devel- 
op on the substrate. A series of 


hypothetical transects that ilius- 
trate various gradients of plant 
communities in the watershed are 
given in Figures 66a-66d. Aijll four 


of the mixed and cypress swamp com- 
munities are represented in these 
transects. 


The overstory of unlogged mixed 
swamp forests is dominated by bald- 
cypress (Taxodium distichum). Large- 
scale logging of many of these 
swamps has resulted in domination of 
such forests by species previously 
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in the subcanopy, such as red maple 
{Acer rubrum), pop ash (Fraxinus 
caroliniana), dahoon holly (Illex 
cassine), myrsine (Myrsine quianen- 
sis), willow (Salix  caroliniana), 
and swamp bay (Persea palustris). 
The understory of these swamps is 
composed of a wide variety of ferns, 
vines, aquatic plants, and saplings 
of overstory species. Representa- 
tives are swamp fern (Thelypteris 
kunthi and Blechnum serruiatum), 
Boston fern (Nephrolepsis exaltataj, 



































hemp vine  (Mikania_batatifolia), 
green brier (Smilax laurifolia, 
S. bona-nox), ludwigia (Ludwigia 


reper.s). mermaidweed (Proserpinaca 
palustris), lemon’ grass Bacopa 
caroliniana), and pickerel weed. 








Structurally, the mixed swamp 
forest exhibits a relatively closed 
canopy (70%-90%) and high interna! 
humidity. The hydroperiod ranges 
from 3 to 10 months. Much of the 
understory in these forests grows 
around the base of larger trees 
where the “micro” elevation gradient 
and accumulated detritus well sup- 
port terrestrial vegetation. Else- 
where the long hydroperiod and low 
light restricts growth to purely 
wzquatic vegetation. Even under 
“dry" conditions the extremely acid, 
organic soils of mixed swamp forests 
may limit the abundance or density 


of the vegetation (Wharton et al. 
1977). 
In regard to succession, the 


mixed swamp forest is considered to 
be intermediate to the hardwood ham- 
mock and cypress domes and strands 
(Alexander and Crook 1974). One 
distinct factor limiting succession 
is that mixed swamps usually overlie 
soils of biogenic origin, and hard- 
wood hammocks usually overlie the 
bedrock. As cypress domes and 
Strands accumulate peat soils and 
slowly develop into mixed hardwood 
cypress swamps, they inevitably 
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reach a point where any increase in 
elevation (peat soil buildup) is 
counterproductive to the survival of 
the swamp community. At higher, 
drier elevations, hardwood hammock 
vegetation would clearly be favored 
over water-loving cypress, red 
maple, and gum (Figure 62). 


Where underlying bedrock de- 
pressions are less channelized in 
form (i.e., more like circular de- 
pressions) with shallow peat devel- 
opment, the mixed cypress hardwood 
swamps give way to cypress domes or 
strands (Figure 66a). The cypress 
communities are characterized by a 
nearly monospecific overstory of 
pond cypress (Taxodium ascendens) 
growing in either circular or elon- 
gated bedrock depressions. Common 
understory plants are bladderwort 














(Utricularia spp.), swamp _§ fern 
(Blechnum serrulatum), spike rush 
(Eleocharis cellulosa), and marsh 
fleabane (Pluchea __ foetida), as 





well as many species of bromeliads 
and orchids. Woody species of 
the understory may include button- 
bush (Cephalanthus occidentalis), 
cocoplum {Chrysobalanus _ icaco), 
willow (Salix caroliniana), and wax 
myrtle (Myrica cerifera). 














Mixed cypress swamps and the 
cypress domes and strands tend to 
assume ai characteristic shape as 
implied by the descriptors ‘dome’ 
and ‘strand’. The shape appears to 
be a function of localized’ site 
factors, compounded by the effects 
of fire. At the periphery of these 
communities unfavorable soil condi- 
tions tend to limit the growth rate 
of trees, making them’ generally 
smaller than those toward the center 
(Harper 1927). This effect is 
augmented by periodic fires and 
recurring droughts and floods which 
tend to remove the more stressed 
peripheral trees. The net result 
is to create a younger age class 
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Figure 66a. Plant community profites in the Big Cypress Swamp: 
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into cypress stand (adapted from McPherson 1970). 
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Figure 66b. Plant community profiles 
pine-palm-palmetto forest through 


{adapted from McPherson 1970). 


cypress tree 


106 


in the Big Cypress Swamp: 
community 
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iqgure 66d. Piant community profiles im the Big Cypress Swamp wet 


prairie mito hardwood hammock (adapted from McPherson 1970). 





of trees in a suboptimal growth 
medium at the edges of the community 
(Kurz and Wagner 1953, Duever et al. 
1976). 


Although this pattern is gener- 
ally upheld throughout the basin, 
Duever et al. (1978) also report a 
dome shape caused by a somewhat 
different combination of cause and 
effect. In certain smaller domes 
and strands the larger central trees 


may actually be younger than the 
smaller peripheral trees. This 
condition tends to prevail only at 


sites where peat depth is less than 
0.7 m (2 ft). The authors hypothe- 
Size that a severe fire probably 
destroyed the _ interior cypress 
trees, which were rooted in shallow 
peat. In contrast, peripheral trees 
rooted in more mineral soils sur- 
vived. As the interior was reseeded, 
the opiimal soil conditions promoted 
rapid growth into larger but younger 
trees than in the periphery (Duever 
et al. 1978, 1979). 


Scrub or dwarf cypress (T. as- 
cendens) grows in shallow sand or 
mar! soils about 7 to 15 cm (3 to 
6 inches) deep, overlying bedrock 
(Crai jhead 1971). The trees are 
small - generally less than 10 m™ 
(33 ft) - and density is low. Canopy 
coverage ranges from 30% to 45% 
(Flohrschutz 1978) with trees being 
as much as 15 to 20 m (50 to 65 ft) 
apart. Individual cypress trees 
that are quite old (100 + years) may 
have a diameter at breast height 
(dbh) less than 15 cm (6 inches). 





Scrub cypress forests often 
cover extensive areas that would, 
without the cypress, look very much 


like wet prairies. The dome or 
strand shape is absent and _ the 
understory is almost exclusively 


grasses and sedges such as Rhyncho- 
spora, Cyperus, Muhlenbergia, and 
Cladium. 
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Monospecific stands of willow 
(Salix caroliniana), pop ash (Fraxi- 
nus caroliniana), pond apple (Annona 
glabra), and cocopium (Chrysobalanus 
icaco) {in the south) may ferm 
thickets in burned-out cypress domes 
and strands. These thickets even- 
tually give way to cypress as litter 
fall builds peat and cypress seed- 
lings find their way into the com- 
munity. 











Some controversy remains over 
whether baldcypress and pond cypress 
are two different species or merely 
adaptions of one species to differ- 
ent environmental conditions. What- 
ever the answer, cypress ecology is 
intricately linked to the hydrologic 
and soil conditions that prevail in 
the Caloosahatchee River/Big Cypress 
watershed, especially in the south- 
ern half. Changes in the distribu- 
tion of cypress act somewhat like a 
living monitor of the combined ef- 
fects of drainage and fire control. 
In this regard, some of the more 
salient aspects of cypress ecology 
are summarized below. 


Maile and female cones grow on a 
single tree. Female cones appear 
in March or April and mature from 
October to December, each containing 
anywhere from 18 to 30 seeds. Male 
cones are produced between December 
and March. The seeds are generally 
too large to be carried by the wind 
and frequently fall to the ground, 
some still in the cone (Duever 
et al. 1979). 


Water is necessary not only as 
a dispersal medium but also to per- 
meate the thick seed coat (Murphy 
and Stanley 1975). The seed must 
soak from 1 to 3 months before it 
germinates. Although seeds may 
remain viable underwater for as much 
as a year, they will not germinate. 
Dry but not excessively drained 
soils are required for germination. 








Survival and growth of seed- 
lings the first year are controlled 
largely by the timing and extent of 
flooding and drought, and soil con- 
ditions. Loss of soil moisture 
causes irreversible wilting (Dickson 
and Broyer 1972). Growth must be 
sufficient the first year for the 
seedling to escape protracted inun- 


dation because this also will cause 
mortality (Demaree 1932, Bull 1949, 
Betts 1960, Gunderson 1977). Seed- 


lings may survive inundation for as 
long as six weeks. Growth in flood- 
ed soils that are anaercbic is iess 
than in flooded soils that are 
aerobic (Dickson and Broyer 1972). 


Cypress seeds are consumed by 
squirrels (Scurius niger), sandhill 
cranes (Grus canadensis), and sev- 
eral species of ducks {Gunderson 








1977). The now extinct Carolina 
parakeet (Conuropsis_ carolinensis 
carolinensis) fed heavily on cypress 








seeds and was believed to be an 
important vector in their dispersion 
(Sprunt 1954). Rabbits (Silvilaguo 
sp.) are believed to feed on the 
branches, bark, and roots of seed- 
lings (Duever et al. 1979). Little 
is known about the effect of insect 
predation or diseases on cypress. 





Comparative data on the ener- 
getics of cypress forests are given 
in Table 23, for drained and ur- 
drained _ sites. Carte: et al. 
(1973) and Burns (1978) report that 
forest productivity is decreased by 
drainage operations. Decreases in 
total productivity and_ standing 
biomass are attributed to the diver- 
sion of energy flow from below the 


Table 23. Energetics of cypress forests in the Caloosahatchee River/Big 


Cypress watershed. 





Rate Pond cypress 


Scrub cypress 


Bald cypress Mixed swamp 





Total net d* ud® 
productivity 2.7(2) 3.1-6.3(1) 
(g/m2/day) 0.0-7.2(2) 











Standing crop 
biomass 
(Kg/m?) 


14.6(2) 





Understory 
oroduction - 
(g/m?/yr) 


200( 5) 


- 100( 5) 7 





Litterfa l - 380-600(1,4) 


(g/m2/yr) 


100(4) $00(4) 750(4) 





Decomposition 


rate (%/yr) 7 16(4) 


21-38(4) 





Accumulation 
rate 








400-500g/m2/yr (3) 
(no community type 
specified) 











(1) Carter et al. 1973, (2) Burns 1978, 
(5) Duever et al. 1979 


* dedrained wud-undrained 





(3) 


Flohrschutz 1978, 


(4) Duever et al. 1975, 
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ground (root system), and to low 
moisture content ir the soil (Burns 
1978). 


6.2.4 Prairies, Marshes, Sloughs, 
and Ponds 








These four communities are dis- 
cussed in one section because they 
are often found together. All are 
dominated by herbaceous vegetation 
along a_ continuous’ gradient of 
hydroperiods. The common species 
found ameng these communities are 
listed in Table 24. 


In the north Caloosahatchee 
River/Big Cypress watershed these 
communities are generally less 
evident, limited by such factors as 
soil type, elevation, and hydro- 
period. An exception is found along 
the margins of Lake Okeechobee east 
of Moore Haven, where Pesnell and 
Brown (1977) found 10 of 15 vegeta- 
tive community types to be dominated 
by herbaceous vegetation (Table 25). 


These communities are located on 
land between the open waters of the 
lake and the developed and drained 
uplands southwest of Moore Haven. 
Because of massive regional drainage 
and flood control they now are rela- 
tively scarce in the upper Caloosa- 
hatchee River area (Figure 60). 


Species dominance at any given 
location in these communities is a 
function of hydroperiod and soils. 
Using transects along a gradient of 
elevation (indicative of hydroperi- 
od), Pesnell and Brown (1977) report 
a series of distinct optimum ranges 
for each dominant community. Where 
there is overlap in  hydroperiod 
preference, soil type appears to 
determine which species is more 
dominant. Coastal-plain willow 
(Salix carcliniana), sand cordgrass 
(Spartina bakerii), and beakrush 
(Rhynchospora tracyi) all closely 
overlap in their duration of _ in- 
undation, although they differ in 
soil affinity. Willow is found on 











Table 24. Piant species dominating the dry and wet prairies, marshes and 
sloughs, and ponds of the Caloosahatchee River/Big Cypress watershed (adapted 


from Long and Lakela 1971). 











(Andropogon spp.) (Muhlenbergia spp.) 








White top sedge 
(Dichromea spp.) 


Love grass 
(Eragrostis spp.) 





Sand cordgrass 
(Spartina bakerii) 


Spartina spartinae 








Spikerush 
(Eleocharis cellulosa) 


Paimetto 
(Serenoa repens) 








Sawgrass 
(Cladium jamaicensis) 


Foxtall grasses 
(Setaria spp.) 





69 species! 172 species! 


(Pontederia cordata) 


INCREASING HYDROPERIOD —--»> | 
4 
Dry prairies Wet prairies Marshes and sloughs Ponds 
Broomsedge Mubly grass Pickere! weed Coentall 


(Ceratophy!lum demersum) 








Arrowhead 
(Sagittaria tancifoltia) 


Bliadderwort 
(Utricularia subulata) 








Maidencane 
(Panicum hemi tomon) 


Floating heart 
(Nymphoides aquatica) 








Sawgrass 
(Cladium jamaicensis) 


Water tity 
(Nymphae. oderata) 








110 species! 


Water lettuce 
(Pistia stratiotes) 











TTotal number of species recorded In each en. ironment (Long and Lakela 1971). 
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Table 25. 


in Lake Okeechobee near Moore Haven 


Brown 1977). 


Plant communities dominated by herbaceous 


species 
(adapted from Pesnell and 





Bulrush 


Spikerush 


Cattail 


Beakrush 


Wire- 
cordgrass 


Sawgrass 


Mixed 


grasses 


Bog 


Water 
hyacinth 


Water 
lily 











Communi ty 
Dominants 


Comments 








Scirpus californicus 
Vallisneria 





americana 





Potamogeton 


ittlinoensis 





Eleocharis celtulosa 





Eleocharis cellulosa 
Utricularia spp. 
Sagittaria 








lancifolia 





Potamogeton illinoensis 





Fuirena scirpoidea 
Nymphaea odorata 
Nelumbo lutea 











Typha angustifolia 
Sagittaria lancifolia 
Pontederia lanceolata 
Salix caroliniana 
Nymphaea odorata 

















Rhynchospora tracyi 
Eleocharis cellulosa 
Panicum tenerum 
Eragrostis elliotii 
Piuchea purpurascens 
Iva microcephata 
Spartina bakerii 























Spartina bakerii 
Eleocharis cellulosa 
Centella asiatica 











Cephalanthus occidentalis 





Cladium jamaicensis 





Cephalanthus occidentalis 





Eleocharis cellulosa 
Pontederia tanceolata 








Panicum repens 
Cynodon dactylon 
Eleusine indica 











Panicum hemi tomon 
Pontederia lanceolata 








Sagittaria tancifolia 





Eichhornia crassippes 
Scirpus cubensis 
Ludwigia leptocarpa 











Nymphaea odorata 
Nelumbo lutea 














Found on all soils; 
dominant in areas exposed 
to wave action 


Shallow,sandy soils; fairly 
long hydroperiod 


Found on all soils; frequently 
exhibit istands of woody 
vegetation and open water 
sloughs 


tily 


Shallow,sandy soiis often 
associated with depressions 
in underlying bedrock 


Predominately sandy soils with 
varying amount of organic matter 


'n soils with high organic 


content 

At higher ltand elevations often 
subject to burr and cattle 
grazing 


Depressions with organic 
substrate in normally shallow 
sandy soils 


Invader of bulrush and spike 
rush communities 


Open water sloughs, often with 
flocculent organic substrate in 
cattail or sawgrass communities 
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mucky, fibrous peat; sand cordgrass 
on peat and sand mixture; and beak- 
rush on sandy soils low in organic 
content. Spikerush prefers low 
marl substrates; sawgrass prefers 
low organic {peat} soils (Craighead 
1971). 


When prairies and marshes dr-:; 
up, the annual die-off of vegetation 


provides a substantial supply of 
kindling for prairie and = marsh 
fires. In the more productive com- 


munities the fuel supply is general- 
ly sufficient to sustain fires that 
limit invasion by woody = species. 
A possible exception is the scrub 
cypress community, where marsh and 
prairie productivity is so low that 
the severity of fires is ‘ow and 
scattered cypress tend to grow in 
the periphery (Duever et al. 1979). 


The long-term evidence of prai- 
rie fire is difficult to detect in 
resilient prairie and marsh communi- 
ties because annual regrowth is so 
rapid. Prairies and marshes are the 
most frequently burned terrestrial 
{or wetland) communities in the 
watershed. Annual carbon production 
values range from 150 qim? (sedge 
community) to 200 a/m? (wet prai- 
rie community) to 320-800 g/m? 
(Spartina marshes) according to 
Duever et al. (1975). 





6.2.5 Riverine Communiti_s 





This section reviews the plant 
communities of channelized waters 
and oxbows of the Caloosahatchee 
River/Big Cypress watershed. Be- 
tween LaBelle and S-79 (Franklin 
Locks) there are no less than 35 
oxbows off the main channel of the 
river. These oxbows are remnanis of 
the prechannelized river system. 


Oxbow lakes are shallow (maxi- 
mum depth 1.5 to 3.0 m) and small 
(less than 1.0 acre to 11.6 acres). 
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They range in length from 118 m 
(390 ft) to 720 m (2,370 ft). The 
majority are openly connected to the 
main channel, several are clogged by 
floating or emergent vegetation, and 
a few are blocked from the Caloosa- 
hatchee River by fill or sediment. 
The oxbow banks are generally steep. 


The vegetation of the oxbows is 
divided into emergent vegetation in 
shallow-water areas, floating mat 
vegetation communities, and over- 
hanging riverbank vegetation (Mille- 
son 1980);. The most abundant species 
of emergent vegetation in the Caloo- 
sahatchee River oxbow lakes are 
spatterdock, wild rice, and cattail. 
Floating mats of aquatic vegetation 
are usuaily dominated by alligator 
weed, floating maidencane, water 
lettuce, and primrose willow. Over- 
hanging riverbank vegetation con- 
Sists primarily of taro, leather 
fern, coastal plain willow, popash, 
and wax myrile. These communities 
are frequently punctuated by terres- 
trial invaders. Some submergent 
macrophytes (e.g., Najas quadalupen- 
sis) and benthic algae inhabit their 
open waters. A listing of these and 
other species common to oxbow lakes 
is given in Table 26. 





Sediment in oxbow lakes con- 
sists of  well-decomposed, fine, 
particulate organic matter (mud or 
ooze); coarse peat and plant detri- 
tus; and less frequently, sand, 
shell fragments, or marl. The 
organic depusits vary in thickness 
from a few inches to several feet. 


The abundance of floating mats 


of vegetation in oxbows_ indicate 
that there is littl water current; 
thus, detritus derived from float- 


ing, overhanging, and emergent vege- 
tation tends to accumulate in the 
sediments. The high organic load, 
slow water movement, highly colored 
water, and overhanging vegetation 


attr anye 
AILSOLE 











Table 26. Major pliant species in the Caloosahatchee River oxbow lakes 
(adapted from Milleson 1980). 





































































































Species Common Name Distribution? 
Acrosticnum sp. Leather fern 3,2 
Alternanthera philoxeroides Alligator weed 2 
Annona glabra Pond apple 3 
Carya aquatica Water hickory 3 
Cicuta mexicana Water hemlock 3 
Cladium jamaicensis Sawgrass 1 
Colocasia esculentum Taro 3 
Eichhornia crassipes Water hyacinth 2 
Fraxinus caroliniana Popash 3 
Hibiscus grandiflorss Swamp hibiscus 3 
Hydrocotyie sp. Pennywort 2 
Ludwigia peruviana Primrose willow 2 
Myrica ceriferz Wax myrtle 3,4 
Nuphar advena Spadderdock 
Panicum hemi tomon Maidencane 
Panicum repens Torpedo grass 1,2 
Phragmites australis Reed 1 
Pinus elliottii Stash pine 4 
Pistia stratoites Water lettuce 2 
Polygonum sp. Smar tweed 1,2 
Pontederia lanceolata Pickerelweed 1 
Psidium guajava Guava 3,4 
Quercus sp. Oaks 3,4 
Sabal palmetto Cabbage palm 3,4 
Sacciolepis striata Floating maidencane 2 
Sagittaria latifolia Arrowhead 1 
Salix caroliniana Coastal plain willow 3 
Sambucus simpsonii Florida elder 3 
Schinus terehbinthifolius Brazilian pepper 3,4 
Scirpus sp. Bulrush 1,3 
Taxodium distichum Cypress 1,3,4 
Typha $p. Cattail 1 
Zizania aquatica Wild rice 1 
SHabitat designation. 

1 = Emergent, 2 = Floating, 3 = River bank, 4 = Terrestrial. 
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together combine to produce near 
anoxic conditions in oxbow waters, 
particularly near the bottom. 


The more open water environment 
of the Caloosahatchee River channel! 
has a different plant composition. 
Emergent and floating vegetation is 
rare. The more common riverbank or 
overhanging vegetation is limited to 
a few species such as taro (Coloca- 


sia esculentum), wax myrtle (Myrica 





cerifera), and brazilian pepper 
(Schinus terebinthifolius). The deep 
open waters of the river channel are 
clearly dominated by microscopic 
algae (i.e., Anabaena flos-aquae, 
Microcystis aeruginosa), which are 
generally more abundant in the canal 
than in its tributaries or oxbows. 














Vegetation differences between 
tributaries, oxbows, and the main 
cana! are probably due to differ- 
ences of substrate, degree of mean- 
der, depth, width, and flow. Oxbow 
and tributary cross sections, which 
are not as steep, wide, or deep as 
the main canal, encourage terres- 
trial as well as emergent, floating, 
and overhanging vegetation. The 
shape of the tributaries and oxbows 
are the consequence of the stream's 
physical tendency to meander and 
form areas of active erosion and 
deposition along its course. In the 
varied physical environment of the 
meadering stream there is a diverse 
and complex biological system. 


6.3 ESTUARINE AND SALTWATER 
WETLAND HABITATS 


6.3.1 Salt Prairies and Marshes 





In the low-sloping coastal re- 
gion south of Cape Romano and south- 
west of the Big Cypress Swamp there 
is a broad transitional area that 
ecologically bridges the gap between 
marine and freshwater environments. 
Salinities (soil and water) range 
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from runoff-dominated freshwater 
conditions on the upland, eastern 
side, to_ tidally-controlled _ salt- 
water on the seaward edges. In this 
region salt marshes, salt prairies, 
and mangrove forests dominate the 


plant community. 


Beginning at the upland edge of 
the transitional area, plant species 
composition gradually becomes inter- 
mediate between wet prairie and 
freshwater marsh or slough vegeta- 








tion (discussed earlier), and _ low 
Salinity, salt-marsh vegetation. The 
major intermediate species are cord- 
grass, saltgrass (Distichilis  spi- 
cata), glasswort (Salicornia bigelo- 
vii), and sea purslane (Sesuvium 





portulacastrum). Species dominance 
is generally determined by a com- 
bination of interrelated = factors, 
including soil salinity range, ele- 
vation, and tides. The prickly cord- 
grass marsh, dominated by Spartina 
Spartinae with patches of saltgrass, 
spikerush (Eleocharis  cellulosa), 
sea purslane, and sea daisy or sea 
ox-eye (Borrichia spp.) inhabit low- 
salinity areas (0-5 ppt). Saltgrass 




















marsh tends to be dominant in more 
saline areas (5-20 ppt) that = are 
little influenced by direct tidal 
action. Species composition is 


mostly saltgrass and glasswort with 
patches of key grass (Monanthochloe 
littoralis), sea purslane, sea 
blite (:uaeda linearis), water hemp 
{Acnida cannabina), and beach carpet 

















(Philoxerus vermicularis). At sites 
where drainage is limited and_ soil 
salinities are high, saltwort (Batis 


maritima) dominates, with localized 
occurrences of glasswort, sea purs- 
lane, sea blite, water hemp, and 
beach carpet (Carter et al. 1973, 
EEL 1978, Duever et al. 1979). 





Tidal creeks and inlets, which 
are seaward of the transition zone, 
are environments in which salinity 
oscillations are greater and more 








frequent. On areas more elevated 
between the creeks and inlets where 


tidal inundation is relatively less 
intense, blackrush may grow in a 
vast monoculture (Craighead 1971, 


EEL 1978). Other common species are 
leather fern (Acrostichum aureum), 
wuttomwood (Conocarpus erecta), big 
cordgrass (Spartina cynosuroides), 
coastal dropseed (Sporobolus virgi- 
nicus), saltwort, and saltgrass. At 
times Juncus may share dominance 
with the sedge Fimbristylis casta- 
nea. The deep saltwater marsh, 
dominated by nearly pure stands of 
smooth cordgrass (Spartina alterni- 
flora) is favored where high salini- 
ties, wave action, and regular tidal 
fluctuation prevail. 




















These wetland communities are 
much more extensive in the area 
south of Naples where coastal re- 
entrant shoreline features such as 
islands, bays, and lagoons dominate. 
Onshore and offshore topography 
north of Naples is just slightly 
steeper than to the south. This 
increased steepness tends to limit 
the width of the saline transition 
zone, making the boundary between 
freshwater and brackish environments 
sharper. The abundance of salt 
marsh and prairie communities di- 
minishes from south to north, but 
mangrove forests are abundant 
throughout the watershed's coast- 
line. Brown (1976) reports only 
minor patches of salt-marsh vegeta- 
tion in 1973 from the coastal zone 
of Lee County. Curiously enough, no 
salt-marsh vegetation was reported 
from the same area (around Estero 
Bay) from surveys conducted around 
1900. 


In southwest Florida estuaries, 
black bullrush, although very pro- 
ductive, appears to contribute less 
to the detrital food chain of down- 
stream estuaries than do mangrove 
forests (Heald 1971). Compared to 
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mangrove detritus (particularly red 
mangrove leaves), Juncus tissues are 
more resistant to decomposition and 
subsequent microbial enrichment that 
fosters the community of microcon- 
sumers so important to the energy 
flow in southwest Florida estuaries 
(Odum and Heald 1972). Odum et al. 
(1982), however, point out that the 
full role of salt marsh and prairie 
vegetation in estuarine energy flow 
has not been adequately studied so 
conclusions concerning this subject 
may be premature. 


Although salt marshes = and 
prairies have a questionable role in 
the chemical/detrital basis of estu- 
arine energy flow, they do provide 
habitat for a variety of fish and 
wildlife. In general, moderate- 
(10 to 20 ppt) to high-salinity 
(>20 ppt) marshes support more 
marine invertebrates (snails, mus- 
sels, polychaetes) than do the low- 
salinity (<10 ppt) marshes (Carter 
et al. 1973). Marshes also attract 
numerous wading birds (herons, 
egrets), other more conspicuous 
birds (red winged blackbird, marsh 
hawk), mammals (rabbits, raccoons), 
and reptiles (alligators, salt marsh 


snake). Although the contribution 
to estuarine energy flow is not 
clearly established, salt prairies 


and marshes provide living space in 
which fish and wildlife reproduce, 
feed, and nurture their young. 


6.3.2 Mangrove Forests 


Scattered buttonwood __ trees 
(Conocarpus erectus) on the down- 
stream side of salt marshes signi- 
fy the beginning of the wetlands 
zone dominated by forest vegetation. 
In addition to buttonwood, three 
species of mangroves, red mangrove 
(Rhizophora mangle), white mangrove 
(Laguncularia racemosa), and black 
mangrove (Avicennia germinans), are 
the dominant tree species. ngrove 




















forests narrow from about 16 to 19 
km (10 to 12 mi) in width at the 
southern end of the watershed to a 
thin fringe along estuarine shore- 
lines north of Naples. The most 
Significant concentration of man- 
groves north of Naples are along the 
inner shores of Estero Bay. This 
south-to-north tapering correlates 
with an increased steepness in ter- 
restrial and offshore’ slopes, a 
condition that accounts for the 
formation of sand beaches north of 
Marco island. 


Other salt-tolerant plants fre- 
quently associated with mangrove 
forests are leather fern (Acrosti- 


chum aureum), spanish bayonet (Yucca 





aloifolia), spider lily (Hymenocal- 
lis latifolia), prickly pear cactus 
(Opuntia stricta), rubber vine 
(Rhabdadenia biflora), and a variety 
of bromeliads. In addition, there 
is an assemblage of root and mud 
algae associated with the _ intertidal 
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RHIZOCLONIUM spp. 
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BOSTRYCHIA spp. 
CATENELLA spp. 
CALOGLOSSA spp. 





prop roots of red mangroves. The 
flora and fauna commonly found 
attached to the prop roots are sum- 
marized in Figure 67 (Carter et al. 
1973, Odum et al. 1982). 


Theories on why mangrove spe- 
cies associations are distributed as 
they are follow two complimentary 
trains of thought, one strictly phy- 
tosociological, based on the theory 
of successional relationships be- 
tween associations (Davis 1940), and 
the other based on consideration of 
the environmental factors favoring 
species dominance and physiognomy of 
forest growth (Lugo and Snedaker 
1974, Wharton et al. 1977). 


The Davis approach (Figure 68) 
is an empirical summary o the major 
habitats of the southwest Florida 
coast that emphasizes the _ relation 
between mangrove zones and tides. 
This diagram (Figure 68) is a fair 
representation of plant associations 
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Figure 67. Mangrove prop root communities (adapted from Odum et al. 1982). 
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Figure 68. Mangrove community associations and forest types along the 
southwest coast of Florida (adapted from Davis 1940). 


in the mangrove zone, but it inaccu- 
rately portrays the mangrove as a 
land builder that causes a succes- 
sion towards the tropical forest. 
The current consensus is that man- 
groves, particularly red mangroves, 
are land stabilizers rather’ than 
land builders (Odum et al. 1982). 
Other physical forces such as 
sea-level fluctuation, long-term 
drainage patterns, and hurricanes 
exert the primary controlling in- 
fluence on exactly where the land 
ends and the ocean begins. Local- 
ized environmental factors such as 
soil salinity, tidal flushing, and 
storm disturbances determine dis- 
tribution patterns among mangrove 


plant species. 


if environmental factors such 
as topography and hydrology were 
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incorporated into Davis' figure, 
the mangrove forest types shown in 
Figure 69 (Lugo and Snedaker 1974, 
Wharton et al. 1977) would emerge. 
The following description of man- 
grove forest types was taken from 
these two reports. 


Fringe mangrove forests are 
distributed along protected shore- 
lines and are especially well devel- 
oped where elevations are higher 
than mean high tide. Low tidal 
velocities allow the _ well-developed 


mangrove root systems to act as 
efficient sediment traps. Due to 
their exposure along’ shorelines, 


these forests may be affected by 
winds, causing breakage and accu- 
mulation of debris among the prop 
roots. 


Y AVAILABLE 








OVERWASH MANGROVE ISLANDS 


t 
7m | | 
l- overwashed by daily tides. 2- a 
~~, cz 


high rate of organic exports. 3- 
dominated by red mangroves but al! 
species may be present. 4- south 
Florida, south coast of Puerto Rico. 
S- sensitive to ocean oollution. 


—_—_— 


FRINGE MANGROVE WETLANDS | 
l-line «ater ways. 2-high rate of 

organi. exports. 3-dominated by red |tom 
mangrove. 4-throughout south Florida, 

Puerto Rico and Florida's east and 

west coast. 5-sensitive to ocean 

pollution. 


SCRUB MANGROVE WETLANDS 


l-on extreme environments. 2-low 
organic exports. 3-usually red or 2m 
black mangroves. 4-southeast Florida 4 

south coast of Puerto Rico, high ; rE ao - = 
latitudes on west coast of Florida. 
S-sensitive to further stress. 























HAMMOCK MANGROVE WETLANDS 


l-on land rises in south Florida. 
2-low export of organic matter. 
3-all mangrove species. 4-south 
Florida everglades. 5-sensitive to 
fire and drainage. 








RIVERINE MANGROVE WETLANDS 


l-along flowing waters. 2-high ex- 
port of organic matter, J-all man- 
grove species, reds predominate. 
4-south Florida, north coast of 
Puerto Rico. S-sensitive to 
alterations of water flow. 








BASIN MANGROVE WETLANDS oo NY - 


l-in depressions or areas of slow 
water movement. 2-high seasonal ex- 
port of organic matter. 3-bdlack 
mangroves predominate. 4-inland 1Sm 
locations in south Florida and J 

Puerto Rico. S-sensitive to alter- a ee 
ation of sheet flow, sea water in- 
put, and orolonged high water. 


Figure 69. Mangrove community associations and forest types 
along the southwest coast of Florida (adapted from Wharton 
et al. 1977). 























Riverine forests along river 
and creek drainages are usually 
separated from the waterline by a 
narrow berm, yet they are flushed by 
daily tides. They are often fronted 
by fringe mangrove forests. Riverine 
forests consist of straight-trunked, 
relatively tall red mangrove (Phizo- 
phora mangle) trees, with varying 
mixtures of black mangrove (Avicen- 
nia germinans) and white mangrove 


(Laguncularia racemosa). 





The overwash forests are char- 
acteristic of the smaller’ islands 
and finger-like projections of land 
within smaller bays and estuaries. 
This forest type is generally over- 
washed by daily tides, so there 
is little accumulation of litter. 
The forest consists of fairly small, 
uniform trees and an absence of 
understory foliage, which gives it a 
rather symmetrical appearance when 
viewed from within. 


Basin forests are distributed 
inland along drainage depressions 
channeling runoff toward the coast. 
In coastal locations red mangroves 
are dominant, but further inland 
their dominance is shared with black 
and white mangroves. 

The dwarf forest is more or 
less restricted to portions of 
the flat, low-energy, high-salinity 
sites. Due to low flushing rates, 
high salinity and poor substrate, 
trees of all ages are characteris- 
tically stunted, although they may 
be quite old (40 yr). Some dwarf 
forests may also be caused by nutri- 
ent deficiencies (Lugo and Snedaker 
1974). 


As discussed previously, the 
distribution of mangrove’ species 
appears to be largely controlled 
by the interrelations among soil 
salinity, tidal flushing, storm dis- 
turbance, tidal sorting of seedlings 
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(propagules), and interspecific 
competition (Odum et al. 1982). The 
success of the red, black, and white 
mangroves within the intertida! zone 
is possible only because their spe- 
cialized physiologies are such that 
these basically freshwater species 
can thrive in a salt-rich, oxygen- 
poor environment (Snedaker and 
Brown 1982). 


The physiological means by 
which mangrove trees tolerate salt 
are salt exclusion prior to uptake, 
salt excretion by way of salt glands 
at the leaf surface, succulence, 
and discarding of salt-laden plant 
parts. Salt exclusion, which is a 
physiological mechanism of the red 
mangrove, is possible because of the 
high negative pressures in the xylem 
caused by transpiration at the leaf 
surface. This negative pressure 
drives a “reverse osmosis" ultrafil- 
tration system at the root surface, 
which reduces salt concentrations in 
tissues to about one-seventieth 
(1/70) that of sea water (Scholander 


1968). This concentration is still 
10 times that found in most ter- 
restrial plants (Scholander et al. 
1962). 

Salt secretion, which is a 
physiological characteristic of 


black and white mangroves, is trig- 
gered by an enzymatic process by 
which salt stands remove salt at the 
leaf surface. Salt secreters tend 
to maintain sap salt concentrations 
about 10 times as high as salt ex- 
cluders (Odum et al. 1982). 


All mangrove species rely on 
more than one physiological process 
for its survival in a saline habi- 
tat. Red mangrove trees, because 
they cannot exclude all salt, tend 
to discard salt through leaves and 
fruit. Black and white mangroves 
are capable of some salt exclusion 
at the root surface. White mangrove 


rae AML 





trees discard salt-laden leaves 
under hypersaline conditions (Teas 
1979, Odum et al. 1982). 


Salt secreters (black and white 
mangrove trees) apparently tolerate 
higher soil salinities than the salt 
excluders (red mangroves). Substrate 
also seems to affect salinity toler- 
ance; a moderate clay content in the 
soil appears to increase the toler- 
ance of black and white mangroves to 
hypersaline conditions, whereas pure 
sand tends to reduce their tolerance 
(Teas 1979, Odum et al. 1982). 


The sediments within which man- 
groves grow are frequently shifting 
and anaerobic; consequently, the 
root systems of mangroves must be 
adaptive as well. Examples are 
structural adaptations of the root 
system to increase. stability and 
functional adaptations that funnel 
oxygen from the atmosphere to the 
root systems (Odum et al. 1982). 


Structural stability in the red 
mangrove is achieved by way of con- 
spicuous prop roots. These roots 
distribute what would be the basal 
mass of a tree growing in a stabie 
environment over a series of small 
above-ground roots spread over a 
wider area. This horizontal spread 


provides greater stability than 
centralized trunks. Black mangroves 
achieve their = stability through 


a system of shallow underground 
“cable” roots that radiate from the 
central trunk. Root systems in al! 
Florida mangroves are shallow and 
have no appreciable tap roots. 
Judging from the relative persis- 
tence of red mangroves where wave 
and current energies are high, the 
prop roots are an effective stabi- 
lizing device. 


Oxygen-funneling mechanisms of 
mangrove root systems are associated 
with two adaptations in the root 
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system structure. The prop roots of 
red mangroves contain many small 
pores called lenticels, which at low 
tide all.v oxygen to diffuse from 
the atmosphere into the plant and 
down to the underground roots 
through passages known as aerenchyma 
(Scholander et al. 1955). The black 
mangrove usually has small roots 
called pneumatophores growing up 
from the cable roots and into the 
atmosphere. At low tide, air dif- 
fuses from the atmosphere into the 
pneumatophores and down the aeren- 
chyma. White mangroves usually have 
neither prop roots nor pneumato- 


phores but do have il!enticels’ in 
the iower trunk (Odum et al. 1982). 
Under some situations peg _ roots 


or pneumatophores may be present 
(Jenik 1967). 


In addition to the - salinity 
preferences and physical root-struc- 
ture adaptations, the reproductive 
characteristics and tidal sorting of 
the propagules of the three species 
also influence species dispersion 
and forest type disiribution. The 
essential differences in mangrove 
reproduction are _ flowering and 
fruiting, obligate dispersal time 
for floating propagules, and _ site 
conditions required for seed germi- 
nation and growth (Table 27). The 
short dispersal times and obligate 
stranding required for black and 
white mangrove propagules implies 
that they will probably not do well 
in and along constantly inundated 
tidal creeks or basins. Red man- 
grove propagules, on the other hand, 
remain viable for some time in sea- 
water and can establish themselves 
in shallow waters. 


Primary productivity, _ litter- 
fall, and nutrient cycling of man- 
groves in the Caloosahatchee River/ 
Big Cypress watershed have been 
investigated by Carter et al. (1973) 
and Snedaker and Lugo (1973), and 
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Table 27. Essential differences in reproduction in Florida mangroves. 




















Days required 
Days of obligate for root Days of viable 
Species Fiower ing Fruiting Dispersal time estab! !shment longevity 
White Mangrove May to Aug.' july to Sept.! 8 (5S day stranding $3 353 
required) 
Black Mangrove May to july’ Aug. to Neow.! 14 yp 73 1103 
required) 
Red Mangrove Alt year? july te Oct.? 40 (establishes in 153 3654 
shallow waters) 
‘Leope 1980 2Savage 1972 Rabinowitz 1978 “Davis 1940 
summarized by Wharton et al. (1977) tivity in the watershed. Although 
and Odum et al. (1982!. The last transpiration is generally low 


two authors list at least 19 factors 
that they believe influence mangrove 
productivity. They are as follows: 


°species composition of the stand; 
°age of the stand; 

°presence or absence of the compet- 
ing species; 

°degree of herbivory; 

“presence or absence of disease and 
parasites; 

°depth of the substrate; 

°substrate type; 

°nutrient content of the suostrate; 
°nutriert content of the overlying 
water’ 

°salinity of the soil and overlying 
water; 

°transport efficiency of oxygen to 
the root system; 

°amount of tidal flushing; 

"relative wave energy; 

°presence or absence of nesting 
birds; 

°periodicity of severe stress (hur- 
ricanes, fire); 

“time since the last severe stress; 
“characteristics of the ground 
water; 

°inputs of toxic compounds or nu- 
trients from human activities; and 
°human influences such as diking, 
ditching, and alternating patterns 
of runoff. 


A number of trends have been 
noted on mangrove forest produc- 
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because of high negative pressure 
maintained in the xylem (Odum et al. 
1982), wood production rates are 
relatively high when compared to 
estimates of other types of forests 
(Teas 1979). In terms of net primary 
production under optimum conditions, 
red mangroves rank highest, black 
mangroves intermediate, and white 
mangroves least (Lugo et al. 1975). 
For pioneering red mangrove stands, 
there is an_ inverse’ relationship 
between gross primary productivity 
(GPP) and salinity. Black and white 
mangroves exhibit maximum GPP at 
moderate salinities. The cumulative 
GPP for the mangrove forest exposed 
to increasing salinity follows a 
bell-shaped curve as illustrated in 
Figure 70 (Carter et al. 1973, Hicks 
and Burns 1975, Odum et al. 1982). 


Mangrove forests are net accu- 
mulators of nutrients, trace ele- 
ments, and heavy metals. These 
materials are removed from the water 
by the prop roots and associated 
algae, by sedimentation, and by fil- 
tration by the biota (e.g., oysters 
and barnacles) that are attached to 
prop roots. 


Copper, chromium, iron, lead, 
manganese, and zinc are consistently 
more concentrated in the sediments 
of mangrove forests than in the 
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Figure 70. Mangrove community pro- 
ductivity as _ related to _ salinity 
(adapted from Odum et al. 1982). 


surface waters. The generally non- 
clastic sediments of south Florida 
do not contribute an excessive back- 
ground load of heavy metals to the 
coastal environment; however, agri- 
cultural pesticides and urban-re- 
lated heavy metals have been found 
in the mangrove environment (Horvath 
1973, Mathis 1973). More important- 
ly, mangrove tissues consistently 
exhibit heavy-metal concentrations 
much greater than sediments. It is 
currently unknown whether uptake in- 
to plant tissues is from sediments, 
the water column, or both. 


Snedaker and Brown (1982) con- 
clude that much is known about the 
structural aspects of mangrove bio- 
geochemistry (i.e., chemical concen- 
trations in various plant and anima! 
tissues, soils, and water), but very 
little is known about transfer func- 
tions anc? uptake rates between major 
components (biotic and abiotic) of 
the mangrove community. 


One of the most important and 
conspicuous aspects of mangrove for- 
ests is their energy contribution 
to downstream estuaries (Heald 1971, 
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Odum 1971). Considering the degree 
of dependence of the estuarine food 
chain on detritus, it is important 
to know something about the produc- 
tion, export, and degradation of 
litter. Using the six mangrove 
forest type categories of Lugo and 
Snedaker (1974), Snedaker and Brown 
(1982) prepared an index of mangrove 
ecosystem dynamics based on leaf- 
litter production rates (Table 28). 
This index has proven to be the most 
reliable indicator of overall man- 
grove productivity. 


Of all the potential sources of 
detritus in the watershed estuaries, 
mangrove debris is by far the most 
important. For example, about 85% 
of the detritus produced in wetlands 
surrounding the North River estuary 
originates from the red mangrove. 
Juncus and Spartina contribute lit- 
tle to the total available debris. 





Mangrove debris either decom- 
poses on site or is washed into the 
open waters by tides or freshwater 


inflow. In either case the debris 
is subjected to various forms of 
decomposition (Heald 1971). In 


general, leaves decompose faster in 
brackish or sea water than in fresh- 
water or on dry land, due to more 
intensive grazing by small marine 
crustaceans, particularly amphipods. 


Table 28. Leaf litter production 
rates of mangrove fecrests (adapted 
from Snedaker and Brown 1982). 














Litter Production 
Forest Type _ g/m year 
Riverine 1120 
Fringe 1032 
Overwash 1024 
Basin (hammock) 750 
Basin (flushed) 741 
Dwarf (scrub) 220 
Basin (impounded) 0 











The pattern of detrital decom- 
position also coincides with the 
quality of the mangrove forest 
structure. The larger forests usual- 
ly thrive where soil salinities are 
well moderated by adequate fresh- 
water and/or tidal flushing. Mar- 
ginal mangrove’ environments are 
defined by areas exposed to either 
uniformly high or low annual salini- 
ties, excessive siltation, arid 
climates, and carbonate substrate, 
or where the tidal amplitude is 
small (Snedaker and Brown 1982). 


Initial decomposit’on of fresh- 
ly fallen mangrcve leaves is delayed 
by the heavy cuticular wax. As the 
wax disintegrates, grazing by micro- 
crustaceans increases, ostensibly 
because of a higher nutritive con- 
tent of bacterial and fungal food 
sources. Needlerush and sawgrass 
debris are seldom grazed upon after 


abcission, so they decompose more 
slowly. 
Microtloral succession on red 


mangrove leaves during decomposi- 


tion increases the availability and 
nutritional value of detritus to 
maecreconsumers (Heald 1971). The 


principle physical and _ biochemical 
features of this successional pro- 
cess are summarized in Figure 71. 
Mathis (1973) reporis a 3- to 200- 
fold enrichment of iron, manganese, 
copper, and cadmium in_ various 
stages of decomposition of red man- 


grove leaves. 


6.3.3 Oscillating Salinity Open 
Waters 





The open waters of the water- 
shed estuaries contain pelagic anc 
benthic communities. The pelagic 
community is a mid-water planktonic 
environment, and the benthic commu- 
nity is either a marine grass-cover- 
ed bottom or an open botto.a composed 
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Figure 71. Protein enrichment of 
mangrove detritus during degradation 
(adapted from Heald 1971). 


of varying mixtures of sand, mud, 
oystershell, and bedrock (limestone 
outcrops). Some bedrock bottoms are 
known as live bottoms because of the 
presence of soft corals, sponges, 
and benthic algae (Tabb et al. 1962, 
Derrenbacker and Lewis 1982). 


Because of frequent changes in 
physical and chemical conditions in 
these estuaries, it is difficult to 
think of benthic or pelagic communi- 
ties in the same sense as _ terres- 
trial communities. As Carter ei al. 
(1973) point out, plant communities 


in these coastal areas fluctuate 
annually and seasonally. They are 
strongly influenced by _ salinity, 


bottom type, water ¢ apths, and cur- 


rents. It is perhaps best to view 
tnese communities, especially those 
furthest landward, as being in a 


State of flux. 


Natural background factors such 
as tidal flushing, salinity, depth, 
and type of substrate’ influence 
community structure and function. 
Alterations in physical structure 











(e.g., canalization) or chemical 
background (e.g., agricultural de- 
velopment) also influence the compo- 
sition and function of these coastal 
communities. 


Benthic Communities. Seagrass- 
es, particularly in the northern 
half of the Caloosahatchee River/Big 
Cypress watershed, thrive only in 
the least disturbed bays and estu- 
aries (Zieman 1982). Relatively high 
turbidity and color and perioc ically 
reduced salinities may be natural 
factors which limit the distribution 
of seagrasses. Human activities 
such as shoreline development and 
canalization may also limit their 
distribution in the watershed. In 
contrast, in areas north of Tampa 
Bay and south of the Everglades, 
about 80% of the coastal bottoms are 
covered by benthic marine grasses. 





Information on species compo- 
Sition of sea-grass beds in the 
Caloosanatchee River/Big Cypress 
watershed is available from Phillips 
and Springer (1960) for the Caloosa- 
hatchee River estuary and Estero 
Bay, Tabb et al. (1974) for Estero 
Bay, Yokel (1975) for Rookery Bay, 
and Carter et al. (1973) for Fahka 
Union and Fahkahatchee Bays. 


In all, 7 species of rooted 
vascular plants and 46 taxa of 
algae, many of which are epiphytic 
on the seagrasses, are reported 
from ‘he area's grassbeds. In low- 
salinity lagoons and lakes (<5 ppt), 
basically freshwater vascular piants 
such as pondweed (Potamogeton sp.), 
tapegrass (Vallisneria americana), 
marine naiad (Najas marina), and 
algae such as Chara sp. are most 
abundant. In mid-salinity (10 to 
20 ppt) lakes and lagoons, widgeon- 
grass (Ruppia maritima) is most 
prominent. Grassbeds in open-water 
estuaries are characteristically 
composed of a mixture of marine 














grasses, such as turtle grass (Tha- 
lassia testudinum), Cuban — shoal 
grass (Halodule wrightii), manatee 
grass (Syringodium filiformis) and 
Halophila sp. Algal taxa collected 
from the area by Phillips and Sprin- 
ger {1960) are listed in Table 29. 




















Despite their limited areal 
coverage, mzrine seagrass meadows 


Table 29. Algal species collected in 
the watershed (adapted from Phillips 
and Springer 1960). 
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are one of the most productive 
communities in estuaries and are a 
vital habitat for fish and _ wildlife 
(Zieman 1982). For example, in 
Estero Bay seagrasses accounted for 
about 5,000 kg of carbon, which 
is 26% of its total annual autoch- 
thonous carbon (Charlotte Harbor 
Resource Planning and Management 
Task Force 1980). In the Caloosa- 
hatchee River estuary, where sea- 
grasses are relatively scarce, they 
only account for about 6% of the 
total annual carbon production. In 
terms of total comunity metabolism, 
depth-specific measurements suggest 
that the benthic macroflora and 
microflora may account for as much 
as 65% to 85% of the metabolism in 
shallow waters such as Estero Bay 
(SWFRPC 1977, Estevez 1981). In 
addition, the export of severed or 
uprooted seagrass blades (detritus) 
has been noted by Zieman (1982) as a 
potentially important source of 
organic matter for offshore waters. 
More locally, seagrass detritus is 
essential to beach/dune and sea 
wrack communities. Washed-up sea- 
grass detritus comprises a major 
portion of the shoreline substrate 
upon which many insects, crusta- 
ceans, shorebirds, and other wild- 
life feed and reproduce. 


Seasonal variations in the 
standing crop of marine grasses, red 
macroalgae, and green filamentous 
algae differed according to the 
bottom substrate in Fahka Union and 
Fahkahatchee Bays (Carter et al. 
1973). The sand-mud substrate of 
Fahk ahatchee Bay supported the rich- 
est concentrations of seagrass and 
red macroalgal biomass in the two 
bays. From July to September the 
biomass of grasses and algae sharply 
increased on this substrate in Fah- 
kahatchee Bay, but in Fahka Union 
Bay the standing crop of seagrasses 
on the same bottom type declined. 
Standing crops of green filamentous 
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algae on sand-mud declined in Fahka- 
hatchee Bay and were nonexistent in 
Fahka Union. 


In contrast, the mud-sand sub- 
strates of Fahka Union Bay supported 
a phenomenal growth of red macro- 
algae, some seagrasses, and green 
filamentous algae, but only = minor 
biomass production was apparent in 
Fahkahatchee Bay on the same sub- 
strate. Shell bottoms in the two 
bays were the least productive of 
all three substrates (sand-mud, mud- 
sand, shell). Im general, standing 
crops of green filamentous algae 
peaked in January and_ declined 
significantly in the summer months 
whereas the reverse was true for red 
macroalgae and seagrasses. Benthic 
macroalgae and filamentous’ green 
algae appear to dominate the bottom 
vegetation of Fahka Union Bay, 
whereas seagrasses are dominant in 
Fahkahatchee Bay. 


Reasons for the differences in 
plant species composition, domi- 
nance, productivity, and seasonal 


variation between the two bays are 
difficult to unravel. Carter et al. 
(1973) suggest a variety of causes 
which probably act in combination to 
effect and maintain the differences. 
These causal factors are especially 
interesting, since they shed light 
on the many mechanisms which regu- 
late species composition and growth. 
The physical and chemical differ- 
ences in the two bays include nutri- 
ent loading (quantity and pattern), 
salinity regime and turnover time, 
sediment composition, depth = and 
bottom topography, and = sediment 
chemistry. Differences in these 
factors must be examined in terms of 
the physiology and adaptation of the 
plants that dominate the two bays. 


Seasonal and annual nutrient 
loading to Fahka Union Bay is 
greater than to Fahkahatchee Bay. 
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Upstream channelization shunts more 
nutrients into Fahka Union Bay on 
an area basis than to undisturbed 
Fahkahatchee Bay. Channelization 
increases both total and peak load- 
ing as well as providing a regular 
input during the dry season when 
natural drainage would be extreme- 
ly low. The dry season corresponds 
to the time of year when seagrasses 
die back and algae reach their peak 
concentrations in both bays. Carter 
et al. (1973) hypothesize that this 
dieback of seagrasses and continuous 
nutrient load may give the algae an 
initial growth advantage in Fahka 
Union Bay. In addition, algae 
{which exiract their nutrients from 
the water rather than from the 
sediment, as seagrasses do) may be 
better adapted to exploiting bursts 
of nutrient loading than _ rooted 
vegetation. Such an advantage may 
be maintained by higher turbidities, 
which inhibit light penetration and 
the growth of seagrasses. 


Other factors that control ben- 
thic plant composition are sediment 
chemistry and sediment composition. 
Increased nutrient inflow to Fahka 
Union Bay is also accompanied by 
increased loads of organic matter 
and heavy metals from oxidized and 
leached upland soils. Once in the 
estuary, the materials tend to be 
absorbed by the particulate matter, 
settle out of the water column, and 
concentrate in bottom sediments 
(Horvath 1973, Harriss et al. 1972). 
Carter et al. (1973) document higher 
sediment concentrations of nickel, 
zinc, lead, cadmium, and copper in 
Fahka Union Bay than in F ahkahatchee 
Bay. Perhaps because of differences 
in salinity gradient and flushing 
rate of the water column, heavy 
metal concentrations in the water 
columns of the two bays display op- 
posite trends, i.e., concentrations 
are higher in Fahkahatchee Bay than 
Fahka Union Bay. The difference may 


favor algae in Fahka Union Bay be- 
cause algae obtain their nutrition 
from the water column, and seagrass~ 
es, which draw most of their nutri- 
tion from sediments, are exposed to 
slightly higher concentrations of 
toxic metals (Carter et al. 1973). 
In additior, the substrate of Fahka 
Union contains relatively more of 
the mud-sand type of bottom than 
Fahkahatchee, possibly due to in- 
creased organic loading and sub- 
sequent sedimentation. This may 
lead to poorer growth conditions for 
seagrasses by creating a more shift- 
ing substrate than would exist under 
less organic conditions. 


Seagrasses are known to support 
a wide variety of aquatic organisms. 
They provide food for a number of 
grazers such as pinfish (Lagodon 
rhomboides), sea urchin (Diadema 
antillarum), and sea turtles (Che- 
lonia mydas); and epiphytic algae. 
The algae may constitute an even 
greater source of food to marine 
and estuarine grazers than seagrass 
itself (Zieman 1982). 














Although numerous references 
have been made to the open bottom of 
estuaries as a substrate for primary 
production by benthic microalgae 
(Hicks 1979, Estevez et al. 1981, 
Odum et al. 1982), little is known 
about species composition and sea- 
sonal variation. Hicks (1979) and 
Carpenter and van de Kreeke (1975) 
report benthic metabolism data that 
clearly st.ow considerable production 
{and more respiration) in the open 
bottoms of estuaries. The Marco 
Island Development canals have 
exhibited benthic oxygen production 
rates from 0 to 0.10 g/m2/hr 
(Carpenter and van de Kreeke 1975). 
In a variety of locations. within 
Naples Bay (canal berms, troughs, 
open bay) Hicks (1979) reported 
little difference in benthic produc- 
tion between stations of — similar 








depth. As depth increased, the 
light penetration and oxygen produc- 
tion decreased sharply. In contrast, 


benthic respiration rates varied 
little as a function of either loca- 
tion or depth. Benthic metabolism 


data from Naples Bay are summarized 
in Table 30. 


Plankton. Two distinct plant 
transitions between Chokoloskee Bay 
on the south and the Caloosahatchee 
River estuary on the north, are of 
considerable importance to estuaries 
of the watershed. The transitions 
are the narrowing areal extent of 
mangrove forest vegetation (Figure 
60) and the patchy abundance of sea- 
grass beds (Zieman 1982). The first 
of these transitions is important 
because it suggests that mangrove 
detritus, which plays such a funda- 
mental role in estuarine energy flow 
in the south (Odum and Heald 1972), 
is found in smaller quantities in 
estuaries to the north. A decreased 
presence of the mangrove and sea- 
grass communities indicates a shift 
toward piankton corimunity dominance. 





Numerous studies on the plank- 
ton of estuaries, particularly on 


metabolic rates, were reported by 
Balough et al. (1977), Carpenter and 
van de Kreeke (1975), ESE (1978a, 
1978b), Hicks (1979). Information 
on species composition is scarce 
except in meiabolic studies (ESE 
1978a, 1978b). The four estuaries 
sampled for plankton composition and 
metabolism were Estero Bay, Wiggins 
Bay, Naples Bay, and Chokoloskee Bay 
(ESE 1978a, 1978b). Chlorophyll! a 
and metabolism data from three of 
the estuaries sampled in 1977 are 
summarized in Tables 31 and 32. In 
addition, an independent study has 
been conducted on community metabo- 
lism in Naples Bay (Hicks 1979). 


Table 31. Chlorophyll a in Big 
Cypress estuaries at high and low 
tides during selected months in 1977 
(adapted from ESE 1978a). 
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Table 30. Benthic metabolism in Naples Bay (adapted from Hicks 1979). 











Metabolism (gm O7/m2/ day) 
Station Parameter Spring Summe r Fall 
GPP 0.58 + 0.49 0.92 + 0.67 0.87 + 0.47 
Canal Berms —R 0.70 + 0.65 1.37 + 0.87 1.08 + 0.36 
P/R 1.06 + 0.84 0.76 + 0.34 0.76 + 0.31 
GPP 0.38 + 0.52 0.28 + 0.24 0.42 + 0.30 
Canal Troughs R 0.86 + 0.47 0.91 + 0.64 1.76 + 1.05 
P/R 0.77 + 1.02 0.35 + 0.24 0.27 + 0.18 





4GPP = gross primary production 
Dall data represent mean values 





P/R = 
R = respiration 


GPP to R ratinv 
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Table 32. Plankton metabolism estimates for estuaries of the Big Cypress 


watershed (adapted from ESE 1978a). 

















Metabolism (gm 0>/m2/day)® 

Estuary Parameter April june September 

GPP 2.78 3.73 1.71 
Wiggins Pass R 0.14 2.03 1.11 

P/R 19.7 1.91 1.53 

GPP 8.76 4.51 0.35 
Naples Bay R 3.58 1.11 0.30 

P/R 4.91 3.80 2.91 

GPP 2.30 1.28 1.30 
Chokoloskee Bay R 1.06 1.39 0.57 

P/R 2.16 1.44 1.91 
4GPP = gross primary production, R = respiration, P/R = ratio of GPP to R 
Dall data represent mean values 








In Wiggins Bay downstream from 
the Cocohatchee River Canal, diatoms 
are the dominant life form (cells/ 
ml) during both wet and dry seasons. 
Diatoms contributed as much as 76.3% 
of the cell numbers in the spring 
but only 57% in the fall. Skeleto- 
nema costatum was particularly 
abundant in the April samples, but 
in September the species composition 
was more balanced, consisting large- 
ly of Thallasiosira, Thallasionema, 
Cyclotella, and Cylindrotheca_ in 
addition to Skeletonema. Dino- 
flagellates exhibit a similar trend. 
Peridinium were rare in April, and 
common in September as were the 
algae Ceratium and Prorocentrum. 


























Diatoms were most abundant in the 
spring, followed by cryptomonads 
and microflagellates. In the fall, 


microflagellates were found only in 


one concentrated patch. 


Concentrations of chlorophyll a 
are higher at low tide than at high 
tide, largely because of dilution by 
incoming seawater. Although there 
is little difference in cell numbers 
between the spring and fall samples, 
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seasonal differences in chlorophyll 
a concentrations suggest that there 
may be some difference in the phys- 
iological state of the plankton. 
Metabolism data show higher gross 
primary productivity and a high P/R 
ratio during April than at other 
times of the year, suggesting that 
the photosynthetic efficiency in the 
spring plankton is greater than in 


the fall. This also coincides with 
peak annual solar radiation (see 
Chapter 3). 

In Chokoloskee Bay, seasonal 
trends in species composition. of 
plankton are similar to those’ in 
Wiggins Bay. Diatoms comprise about 
70% of the cell numbers in April 


and 68% in September. Skeletonema 
costatum and Chaetocerous wighami 
are the primary species in April 
whereas species of Thallasiosira and 
Cylindrotheca as well as Skeletonema 
are abundant in the fall. Oinoflag- 
ellates were a very minor component 
of the phytoplankton in the spring, 
but were more m merous in the fall. 
In contrast to W.ggins Bay, metabol- 
ic and biomass indicators in Choko- 
loskee Bay showed September and 
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April P,R ratios to be about equal 
whereas chlorophyl! a concentrations 
increased 3- to 4-fold. Apparently 
in this estuary the photosynthetic 
efficiency declines in September. 


In Naples Bay, 
cies composition, biomass, and 
metabolic rates are considerably 
different from those from Wiggins 
Bay and Chokoloskee Bay. Here 
biomass and cell numbers actually 
declined between April and Septem- 
ber. At the same time the biomass 
and cell numbers of phytoplankton in 
Naples Bay were much higher than the 
other two bays, even though chloro- 
phyll a concentrations were lower 
than in Chokoloskee Bay in Septem- 
ber. Metabolic rates were high in 
April, when flushing is minimal. In 
addition to the background trends in 
diatom and dinoflagellate abundance 
mentioned for the other bays, Naples 
Bay supported an extensive micro- 
flagellate community that ESE 
(1978a) believes were the most abun- 
dant phytopiankton in terms of cell 
numbers. Also reported from Naples 
Bay were blue green algae such as 


trends in spe- 





Oscillatoria sp. as well as one 
bloom of dinoflagellates (Peridi- 


nium) at one station in September. 


Differences between the plank- 
ton composition and metabolism of 
Naples Bay and Wiggins and Choko- 
loskee Bays are probably caused by 
differences in urban/industrial de- 
velopment. For example, upstream 
flow control tends to exaggerate 
seasonal salinity fluctuation, which 
brings about high-salinity low- 
flushing conditions in the dry sea- 
son and pulsing freshwater condi- 
tions in the wet season. Meanwhile, 
nutrient- and organic-laden sewe 


and stormwater inflow = stimulaic 
algal and microbial metabolism, 
particularly during the long dry 
season. Within the bay, shoreline 


development removes the moderating 
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influence of mangroves on nutrient 
loading, and canals create abnormal 
bottom topography that restricts 
flushing in remote finger canals. 
Microflagellates are most benefited 
by a combination of rapidly changing 
flows and high nutrients. 


In sharp contrast to the data 
of ESE (1978a) on plankton in the 
open waters of Naples Bay, the 
waters of Gordon River and canals 
peripheral to the bay exhibit a 
“respiration-dominated" metabolism. 
The P/R ratios of plankton metabo- 
lism range between 0.3 and 0.8 in 
the spring; 0.1 to 0.5 in the sum- 
mer, when temperatures are highest; 
and 0.2 and 0.9 in the fall. The 
combined plankton and benthic metab- 
olism of Naples Bay canals are sum- 
marized in Figure 72. Indications 
are that total metabolism peaks from 
June through September when water 
flow and temperature are generally 
their highest. Nonetheless, the 
restricted flushing, depth altera- 
tions, and nutrient loading asso- 
ciated with the canal environment 
creates a respiration excess at all 
times. 


@ GROSS PRODUCTION 
@ PESPIRATION 
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Figure 72. Monthly trends in gross 
production and _ respiration in 
Naples Bay canals (adapted from 
Hicks 1979). 


’ 
, 9} 
~ 


haw te 





6.3.8 Beach, Dune, Sea Wrack, and 
Coastal Strand 








The increased offshore slopes 
from Marco Island north are condu- 
cive to the building of sand beaches 
and barrier islands. The beaches 
and barrier islands are extremely 
complex and dynamic. They occupy a 
very sharp transition zone that 
ranges from open marine conditions 
on the seaward side to well-drained 
sandy terrestrial conditions shore- 
ward, frequently within distances of 
only 1 to 2 meters (3 to 6 ft). The 
islands are regularly exposed to 
physical and chemical extremes such 
as high winds, salt spray, storm 
surges, rains, ceaselessly pounding 
waves, and intense heat and drought. 


A profile of a typical beach 
community is given in Figure 73. The 
profile is a composite from several 
authors (Ingle 1962, Collard and 
D'Asaro 1973, Riedl and McMahan 
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1974, Cariton 1977). The terrestrial 
community is dominated by familiar 
pioneer beach species such as sea 
oats (Uniola paniculata), and sea- 
sonal invasions of railroad vine 
{1 @ pes-capre), beach bean 
(Canvalia maritima), and sandspur 
{Cenchrus incertus). Further upland 
at Wiggins Pass, Carlton (1977) 
reports two strand communities, one 
dominated by cabbage palm (Sabal 
palmetto) and the other by Austra- 

















lian pine (Casuarina equisetifolia). 
Common weedy species associated 
with Casuarina include spurge (Chae- 
maesyce hirta), tick trefoil (Desmo- 











dium canuum), smutgrass (Sporobolus 

iretti), and beggar tick (Bidens 
pilosa). Understory species associ- 
ated with the cabbage palms include 
golden polypody fern (Phlebodium 
aureum), poison ivy (Toxicodendrum 
radicans spp. radicans), and shoe- 
string fern  (Vittaria lineata). 
Other common herbs and shrubs are 
the dayflower {Commelina diffusa), 
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Figure 73. A high-energy beach community, showing major zones relating to 
sand motion (adapted from Riedl and McMahan 1978). 
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bedstraw (Galium hispidulum), and 
spiderwort (Tradescantia ohiensis). 
Nearer to the pass, species such as 
century plant {Agave americana), 
coin vine (Dalber ecast tlum), 
spanish bayonet (Yucca aloifolia), 
and Brazilian pepper (Schinus tere- 
binthifolius) are reported. Other 
common dGune/ strand plants are seven- 
year apple (Casasia_ clusiifolia), 
ernodia (Ernodia littoralis), shrub 
verbana (Lantana camara), and bay 
cedar (Suriana maritima). 


























Where sand is plentiful and 
wind and wave energy high, the 
transition from beach to strand may 
include one or more dunes and inter- 
mediate troughs. Such environments 
frequently support a characteristic 
vegetation composed of such species 


as saw palmetto (Serenoa r s) and 
Chapman's and twin live vercus 


chapmanii, Q. geminata) according to 
= (1955). This area is referred 
to as the “scrub” zone by Kurz 
(1942), because of its similarity to 
scrub oak growing on relict sand 


dunes in interior central Florida. 


The sea wrack zone is probably 


‘Se most familiar habitat of the 
beach strand community profile. 
Virtually mo emergent vegetation 


grows there for very long because of 
the frequent turnover of the zone by 
wind- and storm-related tides and 
waves. Nonetheless, this zone sup- 
ports a healthy fauna based on the 
regular input of seaweed and marine 
animal debris deposited by waves 
(Rabkin and Rabkin 1978). 


Ecological data on the inhabi- 
tants and dynamics of the submerged 
high energy beach environment in 
the Caloosahatchee River/Big Cypress 
watershed have not been reported. 
General information describing sim- 
ilar communities elsewhere in the 
Gulf can be found in Riedl and McMa- 
han (1974) and Collard and D'Asaro 
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(1973). Based on these summaries, 
the fauna of the submerged high- 
energy beach probably depends only 
slightly on autotrophic production 
from benthic blue-green algae and 
diatoms. The characteristic grazers 
of the beach probably glean bacteria 
from sand particles and interstitial 
spaces. Although phytoplankton may 
be a component of the organic subs- 
trate upon which this detrital food 
chain is based, the high energy and 
turbid waters of the environment 
suggest that allocthonous energy 
sources are probably more important 
in the total energy budget. 


6.8 DISTURBED COMMUNITIES 


As man develops the land to 
serve his needs, the species compo- 
sition and abundance of plant com- 
munities change. The changes may 
encompass wholesale replacement of 
one community (such as a pinelands 
forest) with one more suited to 
human economy (such as a citrus 
grove), or more subtle change such 
as the inadvertent introduction of 
exotic species via drainage canals. 


Human disturbances bring about 
fundamental changes in habitat types 
and their interrelationships. For 
example, if the soil profile’ is 
changed or soil cover removed, the 
soil arthropod community is also 
changed. The new soil structure may 
be less likely to protect burrowing 
amphibians from dessication during 
drought, and important water and 
nutrient holding capacity may be 
lost, causing physiological stress 
for the remaining vegetation. 


For discussion purposes, dis- 
turbed communities are divided into 
exotic invaders (exotics introduced 
by man, e.g., cajeput tree), agri- 
cultural communities, urban/indus- 
trial communities, and canal com- 
munities. 


An} a 
=< 





Disturbed communities such 
as agricultural land, urban-indus- 
trial developments, and channelized 
streams create new physica’ ‘chemical 
background conditions that modify 
ecological succession and fish and 
wildlife production. In principle 
at least, human activities function 
as analogs of natural modifiers of 
community succession. Disturbed- 
community modifiers differ from 
their natural counterparts the 
following ways: 

{1) Historical persistence (most 
human influence has occurred 
only in the past 100 years). 
Frequency (unlike  hurri- 
canes, floods, or fire which 
are acute but only periodic 
events, human influence 
is often continuous = and 
chronic). 

Spatial coverage (the spread 
of development activities 
usually follows a_ radiating 
pattern from preexisting 
disturbances with little 
regard for existing vegeta- 
tion or soils. In contrast, 
natural communities are more 
strongly modified by exist- 
ing conditions). 

Human influence (may intro- 
duce new exotic species and 
accelerate the spread of en- 
demic as well as exotic spe- 
cies which creates new spe- 
cies associations of unknown 
fish and wildlife value). 
Environmental changes _ in- 
duced by man (almost always 
invoive long-term operation 
and maintenance costs = as 
well as initial startup 
costs. The choice to incur 
these costs is a social pro- 
cess and must be balanced by 


in 


(2) 


(3) 


(4) 


(5) 


human society against the 
benefits derived from the 
altered communities). 

(6) Local ecological changes 


initiated by man (frequently 
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motivated by events, needs, 
and processes far removed 
from the disturbance, e.g., 
fertilizer needs in the 
Soviet Union could § cause 
disturbances in Polk County 
pine flatwoods (phosphate 
mining), and oil extracted 
from the Big Cypress water- 
shed may be refined and con- 
sumed outside the State). 


6.4.1 Exotic Plant Communities 





Although most agricultural 
crops and ornamental plants are 
exotic species, this section reports 
only exotics that survive and spread 
in the wild. The cultivation of 
crops is a disturbance discussed 
in section 6.4.2, and ornamentals 
are included in section 6.4.3 as 
a component of urban-industrial 
development. 


Exotics that survive and spread 
in the wild are common in south 
Florida and comprise about 16 
percent of the species (Long 1974). 
Duever et al. (1979) list over 250 
exotic plant species for the Big 
Cypress National Preserve. These 
authors believe that south Florida 
is particularly vulnerable to inva- 
sion by exotics because the area is 
geologically young, somewhat island- 
like, and squarely located at the 
interface of temperate and tropical 


climates, and it is subject to 
intensive and rapid alterations by 
man. 

The geological youth of the 


area implies that the flora has had 
relatively little time to reach an 
advanced condition of homeostasis; 
so that the process of evolutionary 
adaptation is still in a relatively 
early stage. In addition to south 
Florida's young geologic age, the 


peninsula is geographically isolated 
similar 


from other land masses with 











climate. These conditions support a 
flora with a small number of species 
compared to other areas of subtropi- 
cal America. Many of the species 
that comprise the climax hardwood 
hammocks of south Florida are 
typically second-growth colonizers 
elsewhere in tropical America, a 
fact that Duever et al. (1979) claim 
attests to the immaturity of the 
flora. 


The reduced number cf preadapt- 
ed colonizers in south’ Florida 
causes both temperate and tropical 
species to occupy habitats to which 
they are not particularly’ § well 
adapted. For example, in south 
Florida deciduous temperate plants 
must form new foilage during the 
spring drought, and tropical species 


are sometimes subject to killing 
or damaging frosts; consequently, 
Duever et al. (1979) hypothesize 


that native south Florida species 
do not utilize the environment to 
its fullest, which permits § certain 
invaders to become established. 


The establishment of new plants 
is assisted by urban/industrial de- 
velopment in south Florida. Drain- 
age, agriculture, and logging, as 
examples, leave bare ground open to 
new colonizers and create new habi- 
tats with altered hydroperiods, fire 
frequencies, and soil types. The 
importation of ornamentals from al! 
over the world provides a vast new 
seed pool for colonization. Some of 
the tropical fruits and vegetables 
introduced into south Florida for 
agricultural purposes are growing in 
the wild. 


Of the total number of exotic 
plants in south Florida, only a few 
are a threat to native communities. 
In the Big Cypress National Preserve 
Duever et al. (1979) identified 
five species that warrant attention: 


(1) cajenut (Melaleuca quinquiner- 
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via), (2) Australian pine (Casuarina 
spp.), (3) Brazilian pepper (Schinus 
terebinthifolius), (4) water hya- 
cinth (Eichornia  crassi s), and 
(5) hydrilla (Hydri a verticilata). 
These five plants are also of con- 
cern in the rest of south and cen- 
tral Florida (SFWMD 1980). 








- Melaleuca quinquiner- 





via, cajeput, or punk tree, is one 
of several species of Melaleuca 


grown and used in south Florida as 
an ornamental. Of these only M. 
quinquinervia has become naturalized 
and spread into the wild. This spe- 
cies is native to coastal Australia 
where the monsoonal climate closely 
mimics the alternating wet and dry 
seasons of south Florida. Its pre- 
ferred substrate in Australia is 
acid, sandy soils that are fre- 
quently high in sulfides. The trees 
grow in thick monocultures behind 
brackish coastal swamps and along 
riverbanks up to 16 km (10 mi) 
inland. In terms of its natural 
distribution in Australia, cajeput 
is reminiscent of buttonwood (Cono- 


carpus erectus) in the American 
tropics. 


In the Caloosahatchee River/Big 
Cypress watershed and south Florida 


in general, cajeput is largely re- 
stricted to disturbed sites such as 
roadsides, drained areas (farms, 


urban developments), or sites with 
altered soils, e.g., from mining and 
farming (Capehart et al. 1977). Al- 
though there is much public concern 
over the apparent spread of cajeput, 
Duever et al. (1979) contend that 
this is somewhat unjustified; most 
people see only the roadsides and 
disturbed areas where this plant is 
most abundant, but in one area of 
Lee County where cajeput appears 
predominant, it only comprises about 
0.4% of the land cover. Possible 
overconcern also may have been 
caused by the rapid spread of this 





tree in only a short period of time. 
It may well be that the spread of 
the species from disturbed road- 
sides, for example, is slowed con- 
siderably by natural vegetation. Yet 
in Lee County where the species was 
first introduced in about 1910, the 
trees are slowly inching into the 
natural habitats. The cajeput is 
filling a vacant niche that is being 
widened and made even more pervasive 
by the building of roads, the dredg- 
ing of canals, increased farming, 
and urban development. 


The cajeput flowers in late 
fall and early winter when relative- 
ly few animal vectors are available 
for seed dispersal. The seeds 
{anywhere from 17,000 to 34,000 per 
gram) are streamlined, unwinged, and 
may be stored in scrotinous capsules 
on the tree for a number of years 
without any loss of viability (Mes- 
kimen 1962, Myers 1975). Trees 10m 
(33 ft) tall may conceivably store 
over 20 million seeds, all of which 
may be released almost simultaneous- 
ly by the right stimuli. Woodall 
(1978, 1982) and Duever et al. 


(1979) conclude that the Melaleuca 


seed generally falls in an area 
immediately adjacent to the source 
tree. Wind dispersion plays a minor 
role in seed distribution although 
strong winds have been observed to 
carry seed for more than a kilometer 
(Schroeder and Browder 1979). 


Seed release is either one of 
low intensity and long duration, or 
one of high intensity and short 
duration (Woodall 1982). The first 
insures a continuing supply of fresh 
seeds on the ground “which allows 
the species to exploit all reproduc- 
tion opportunities - no matter how 
short in duration.” The second form 
of release is keyed to catastrophic 
events, e.g., fires, which cause the 
simultaneous release of several 
years’ accumulated seed production. 
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This massive seed release helps 
to maintain the cajeput community 
during a period of possible seed 
tree mortality or suppressed repro- 
duction. 


Stands of cajeput thin them- 
selves in their competition for 
light. Nearly all the leaves are at 
the top, and the understory is lit- 
tle more than stems or trunks. When 
a fire strikes, the flame is quickly 
transferred to the crown, which 
spares the spongy bark and triggers 
the release of seed capsules. The 
seeds find a nearly perfect germina- 
tion site in adjacent newly burned 
areas. 


Frost and logging create nearly 
as desirable a condition for the 
spread of cajeput as fire does. Mas- 
sive amounts of seed may be trigger- 
ed by frost or logging, but their 
chance for survival is much less. 


The most critical factor in 
Melaleuca germination is desiccation 





of the seeds (Myers 1975). With 
adequate moisture, seeds will germi- 
nate within three days, but, anaero- 


bic conditions inhibit it (Duever 
et al. 1979). Open, water-logged 
soils, such as might occur during 
the wet season after a burn, are 


ideal for this species to get start~ 
ed. Seeds are known to germinate 
under water a few centimeters deep 
if sufficient dissolved oxygen is 
available. 


Melaleuca also possesses spe- 
cialized mechanisms for thriving in 
areas periodically inundated = = and 
anaerobic. The most notable of 
these adaptations is its tendency to 
produce adventitious roots from vir- 
tually any plant surface in contact 
with the water. A fibrous sheath of 
these water roots may surround the 
base of the trunk up to the high- 
water mark. Large tufts or clumps 





of these roots may form from under- 
ground roots some distance from the 
main tree, similar to the knees of 
cypress trees (Duever et al. 1979). 
Also, seeds that fall into seasonal 
wetlands may survive’ inundation 
for as long as 5 months (Myers 1975, 
1976). 


One of the more convincing ar- 
guments in favor of the vacant niche 
or habitat theory was reported by 
Duever et al. (1978). They believe 
that there is a “vacant" hydroperiod 
range in southwest Florida between 
155 and 224 days where no single 
distinct plant community dominates. 
More specifically, there are no tree 
dominated plant communities between 
hydroperiods of 113 and 245, so it 
is possible that cajeput may be 
moving into an underutilized ecotone 
between those of the wet cypress 
swamp and dry pinelands. 


Some authors believe that the 
site requirements of cabbage palm 
(Sabal Imetto) are similar to 
those of cajeput, particularly since 
the cabbage palm can reproduce in 
cajeput stands (Woodall! 1978). These 


two species are similar in_ their 
adaptations to the south Florida 
extremes of fire, flooding, and 


drought (Myers 1978), but cajeput is 
more persistent. Further drainino 
of the Fahkahatchee cypress strand 
is of some ecological concern as it 
may help the cajeput become estab- 
lishec in the Big Cypress National 
Preserve (BCNP). 


jan Pine. Three species 
of the © us Casuarina (Australian 
pine} flourish in south Florida 
{Long and Lakela 1971) and in the 
Caloosahatchee River/Big Cypress wa- 
tershed (Duever et al. 1979, SFWMD 
1980). The species that causes the 
most concern, particularly in coast- 
al areas, is C. equisetifolia. The 


other two species, C. cunninghamia 
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and C. glauca, are much less of 
a problem in south Florida because 
of their failure to reproduce in 
abundance. 


Australian pine (which is actu- 
ally an evergreen angiosperm, not a 
true pine) normally Grows in dense 
monospecific stands on relatively 
high, dry soils. The trees may grow 
as high as 15 to 20 m (50 to 65 ft). 
The leaves are tiny, scale-like, and 
whorled at each joint on wiry, pale 
green, drooping branches. Seeds are 
produced in small cones in C. equi- 


setifolia, whereas C. cunninghamia 


reproduces vegetatively from _ root 


sprouts. The other species, C. 
glauca, is relatively scarce, at 


least in BCNP, because of the isola- 
tion of the male and female trees 
(Duever et al. 1979). 


Casuarina spp. were introduced 
into south Florida as ornamentals 
and windbreaks along roads, canals, 
anc baysides. In the watershed they 
are perticularly thick and obvious 
alorg Tamiami Trail and Canal from 
the Dade County line to 40 Mile Bend 
mear Monroe, Florida. Because of 
their relative sensitivity to fre- 
quent fire or long hydroperiods, 
they tend to thrive only where they 
are protected from such stresses. 
High canal banks, berms, and coastal 
areas are examples of ideal loca- 
tions for the Australian pine. 


Brazilian Pepper. Brazilian 
perper hinus terebinthifolius) a 


rative razii, was introduced 
into Florida at numerous locations 
around the turn of the century. The 
plant is dioecious, and usually 
grows in thick monocultures to an 
average height of about 3 m (10 ft). 
The females bear white flowers in 
late summer. The fruit, which 
becomes mature as red berries in 
November, has led some people to 








refer to Brazilian pepper as Florida 
holly. 


Aithough Brazilian pepper gen- 
erally abounds as a monoculture on 
disturbed sites such as abandoned 
farm fields, spoilbanks, or road- 
sides, scattered individuals are 
found in pinelands, hammocks, prai- 
ries, and even mangroves (Duever 
et al. 1979). 


Brazilian pepper exhibits most 
of the characteristics of an early 
successional shrub species, namely 
intolerance of low light, an abun- 
dant and readily dispersed seed, 
rapid growth, and fast recovery 
after frost, fire, and hurricanes 
(Duever et al. 1979). The pollen is 
spread by insects, particularly 
bees, which make use of the flowers 
during late summer when = other 
sources of nectar are scarce. The 
plant reproduces by seed, by root 
sproutina after fire or frost defo- 
liation, and by sending shoots and 
runners into nearby disturbed areas. 
The fruits are consumed by a variety 
of wildlife such as wintering rob- 
INS, OpossumMs, raccoons, and others 
that contribute to the dispersal of 
seeds (Ewel et al. 1976). 


Water Hyacinth. Water hyacinth 
(Eichhornia crassipes) is a floating 
aquatic plant that flourishes in a 
wide variety of physical and chemi- 
cal conditions. It grows in waters 
with a pH between 4 and 10 SU. It 
can withstand near-freezing tempera- 
tures and survive water temperatures 
as high as 34°C (Bock 1966, Haller 
and Sutton 1973, Morris 1974). In 
full sunlight, hyacinth grows very 
fast, but at low light intensities 
it does poorly. It grows on season- 
ally inundated wetlands, although 
the rhizomes must maintain a high 
water content to survive and grow 
(Penfound and Earle 1948). 
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Like Brazilian pepper, water 
hyacinth originates from i3razil al- 
though it has now spread throughout 
tropical and subtropical America. 
It reproduces largely by vegetative 
sprouting, and, to a much lesser 
extent, by seed. 


The’ distribution cf water 
hyacinth tends to be more closely 
linked to canals than to _ natural 
waters where there is more shade. 
It is generaliy found in open, rela- 
tively shallow canals such as the 
Tamiami Canal (Duever et al. 1979), 
the Golden Gate canals (Tabb et al. 
1976), tributaries to the Caloo- 
sahatchee River (SFWMD 1986), and 
many other locations such as along 
lakeshores (Pesnell and Brown 
1977). Hyacinths interfere with 
the drainage of canals and there 
is evidence that evapotranspiration 
rates of hyacinth mats may reach 3 
to 4 times the rate of open water 
evaporation. The effects of clog- 
ging and increased evapotranspira- 
tion may negate each other to some 


extent in the overall hydrologic 
budget (Timmer and Weldon 1967, 
Kelleher 1976, Duever ef al. 1979). 


Hyacinth mats are frequently used by 
wading birds and other vertebrates 


as a source of food and cover. 
Crowder (1974) claims that this 
plant supports an abundance of 


insects and other invertebrates that 
are an important component of the 
aquatic food web. 


Hydrilla. Hydrilla verticil- 
lata (hydrilla or Florida elodea), 
is a member of the Hydrocharitacea 
family and originates from central 
Africa. Only female plants have 
been introduced into the U.S., so 
reproduction by seed propagation has 
never been observed in this country. 
Introduction into Florida is a fair- 
ly recent phenomenon (1960) although 
the species is now common in many 

















canals, where it tends to be inter- 


spersed with other species. 


The lack of seed reproduction 
is more than compensated for by iis 
four means of vegetative reproduc- 
tion (Haller 1977): 

(1) apical fragments with leaf 
whorl that may develop into 
new plants, 
axillary buds (turions) may 
develop on floating plants, 


(2) 


drcp to the bottom = and 
sprout, 

(3) sprouts may develop from 
nodes on stolons and rhi- 
zomes, 


tubers may develop on the 
ends of rhizomes embedded in 
the hydrosoil. 

Unlike the hyacinth, hydrilla cannot 
grow in areas that are not fully 
watered year round. An exception to 
this is the hydrilla tuber which, 
once embedded in the soi! can sur- 
vive drought, ice cover, and chemi- 
cal sprays. Also unlike hyacinths, 
the hydrilla grows well in full as 
well as reduced (1%) sunlight. Like 
the hyaciath, the hydrilla's growth 
rate is often phenomenal. 


(4) 


At least four canal sites in 
the BCNP - along U.S. 41 (Tamiami 
Canal), Turner River Road, State 
Road 837 north, and parallel to U.S. 
41 and Birdon Road in the southwest 
corner of the preserve - support 
hydrilla interspersed with stands of 
cattail (Typha latifolia), water 
hyacinth (Eichhornia’ crassippes), 
and ludwigia (Ludwigia spp.) (Duever 
et al. 1979). Hydrilla has also 
established itself in Lake Hicpochee 
and Lake Trafford, north BCNP 
(SFWMD 1980). Deep Lake and Half- 
way Pond apparently are not suitable 
for hydrilla: Deep Lake because of 
its deep, pitlike bottom morpholocy, 
and Halfway Pond because of its 
seasonal drying. 
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There are mixed opinions on the 
fish and wildlife value of hydrilla 
in south Florida. lake Trafford, 
prior to 1960, had no rooted vege- 
tation and was noted as a poor bass 
fishing spot. Today, ten years 
after being infested with hydrilla, 
the lake supports a_ sizable bass 
pcnulation and is well known for 
its fishing (Duever et al. 1979). 
In central Florida !akes, however, 
hydrilla usually is associated with 
stunted fish populations comprising 
an excess of small forage fish and a 


few large predators {Haller 1977). 
Other wildlife users of hydrilla 
include the American coot (Fulica 


americana) and the ring-necked duck 
(Aythya collaris), which are report- 
ed to feed (perhaps extensively) on 
its plant parts. 








Since the hydrilla plant effec- 
tively clogs canals, it also tends 
to accelerate sediment buildup and 
ultimately its own demise. At times 
hydrilla mats become so dense that 
terrestrial vegetation may actually 
colonize them. 


Because hydrilla mats interfere 
with canal drainage and recreation, 
typical chemical and physical con- 
trols have been tried. The results 
have been unsatisfactory because of 
the high cost of chemicals and the 
rapid regeneration of plants. In 
addition to herbicides such as di- 
quat and copper sulfate and mechani- 
cal removal, much attention has been 
focused on the potential of the 
grass carp or white amur (Ctenophar- 
yngodon idella) for partial control 
(Kilgen and Smitherman 1971, Miche- 
wicz et al. 1972, Terrell and Fox 
1975, Beach et al. 1976). The grass 
carp is believed to readily ingest 
hydrilla and other soft macrophytes. 
Its usefulness is still under study 
(Duever et al. 1979). 
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6.4.2 Agricultural Communities 





Farming always involves contin- 
ual alterations of the land. Over 
a year's time an agricultural area 
may be plowed, planted, fertilized, 
sprayed, drained, irrigated, and 
harvested; consequently, the plant 
community is greatly altered by fac- 
tors outside the bounds of “natural" 
background conditions. The mono- 
specific nature of agriculture is 
also suboptimal for a balanced mix- 
ture of fish and wildlife. 


Agriculture in the Caloosa- 
hatchee River/Big Cypress watershed 
is primarily concerned with cattle 
production (pasture), citrus crops 
(groves), and vegetable crops, in 
that order (ESE 1978a). Farming is 
a much more important feature of the 
Caloosahatchee River watershed than 
of the Big Cypress watershed. In 
the half of the Caloosahatchee River 
watershed east of LaBelle, urban 
land accounts for only 1% to 53%; 
forest, swamps, and prairie make up 
40% to 80%; and agriculture accounts 
for 20% to 60%. The Big Cypress 
National Preserve (BCNP) supports 
259 cattle-grazing operations that 
use 60,720 acres (24,583 ha) of land 
(Duever et al. 1979). Ninety-three 
percent of the cattle grazing takes 
place on two sites. Other agricuil- 
ture, mostly north of the BCNP, 
includes tomato, watermelon, and 
cucumber farming near Ochopee, and 
beekeeping along the Barron River 
Canal, SR29, and the Tamiami Trail. 


The effect of agricultural op- 
erations on vegetation and fish and 
wildlife depend to a large extent 
upon the type of crops, management 
practices, and the cumulative re- 
gional intensity of agriculture. 
Obviously, the result of converting 
pine-palmetto forest to improved 
pasture is different from converting 
it to an orange grove or to a tomato 
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field. There may also be quite sub- 
stantial differences between heavily 
and lightly grazec pastures, between 
different citrus groves (baced on 
age of the orchard and pruning 
schedule), and between differently 
cultivated fields (based on the type 
of crop and the fertilizer and pes- 
ticide schedules used). 


Rather large areas of intense 
cultivation interspersed with natu- 
ral lands present unique problems 
for the fish and _ wildlife. Large 
agricultural areas create disconti- 
nuities between species populations, 
eliminate breeding sites, and reduce 
fopulation numbers and gene flow 
below critical levels necessary for 
population maintenance. Other fac- 
tors affecting plants, fish, and 
wildlife are canalization and 
streamside alterations, changes _ in 
regional drainage and runoff charac- 


teristics, and the introduction of 
pesticides into soils and_ water. 
The effects of individual develop- 


ments may be small, but their cumu- 
lative effects can be especially 
dangerous to endemic species when 
advanced farming techniques (e.g., 
drainage control and pesticide ap- 
plication) become an integral part 
of land use. 


In pasturelands, overgrazing 
is common where cattle congregate, 
such as around high-quality forage, 
near supplemental feeding stations, 
on dry uplands during the wet sea- 
son, and around water holes during 
the dry season (Duever et al. 1979). 
In the Corkscrew Swamp Audubon 
Sanctuary, grazing has been respon- 
sible for removing so much of the 
dry litter that repeated attempts at 
controlled burning fail for lack of 
fuel (Duever et al. 1976). In some 
hammocks virtually all of the unger- 
story vegetation has been destroyed 
or consumed and all small trees 
killed by grazing cattle. In some 














marshes subjected to grazing, 70% 
to 80% of the live biomass may be 
consumed. Grazing generally has 
an effect similar, at least’ in 
pinelands, to that of ground fire. 
Overgrazing decreases the diversity 
of the plant community, limits shrub 
invasion, and promotes grasses (Hil- 
mon and Lewis 1962, Hughes 1974). 


The artificial hydroperiod and 
repeated soil disturbances associ- 
ated with conventional crop farming 
in south Florida invite the invasion 
of exotics such as cajeput and Bra- 
zilian pepper. The location of farms 
near major roads, canals, and minor 
urban centers assures an abundance 
of disturbed sites where exotics may 
spread. Construction of ditches and 
canal banks essentially creates two 
new sites, one high and dry, the 
other permanently wet, where before 
there was a single site with sea- 
sonal inundations. Instead of spe- 
cies characteristic of the diverse 
background condition (fe.g., dry 
prairie), other species such as 
Brazilian pepper or hydrilla_ can 
become dominant. 


Citrus groves are another exam- 
ple of an altered natural community. 
A typical grove is planted in clean- 
cut rows for easy access by farm 
workers and to maximize the use of 
sunlight, water, nutrients. The 
trees are generally managed so that 


all are of similar age and size. 
Understory vegetation is usually 
completely lacking except for some 


grasses. The groves are managed (by 
physical and chemical controls) to 
maximize production of the trees 
and minimize competition, predation, 
parasitism, and disease. 


6.4.3 Urban-industrial Communities 





Human influence on the vegeta- 
tion of urban areas is both complex 
and variable depending on the area 
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and the intensity of development. 
Part of a community may be complete- 
ly obliterated by urban structures 
such as roadways and buildings, 
whereas another portion (such as a 
park) may be altered only slightly. 


Urban-industrial communities 
are generally divided into light, 
medium, and heavy residential, com- 
mercial, and industrial categories. 
For our purposes these categories 
of disturbed lands also_ include 
communities along the roads, rail- 
roads, and transmission lines, that 
are essential to urban-industrial 
complexes. 


Often 
topographic 


the areas of greatest 

relief include spoil 
sites for fill obtained from borrow 
canals. The canals serve as drain- 
age swales to lower the water tables 
and receive highway runoff, and as 
a source of fill for road construc- 
tion. Railroad rights-of-way are 
similar to highways, in constituting 
narrow paths of high relief between 
major urban centers. They differ 
from roads in that canals are less 
frequently associated with them. 
They also tend to be narrower than 
paved roads. 


The vegetation along power 
transmission lines is much like an 
early succession field. The annual 
cutting of vegetation establishes 
early succession and fast growing 
shrubs and grasses, the same as 
for controlled burning or wildfire. 
Since tolerance to fire is not a 
factor where vegetation is held in 
check by mechanical mowing, species 
intolerant to fire may become an 
important part of the community. 


The Caloosahatchee River/Big 
Cypress watershed contains. rela- 
tively few major urban centers. 
Among the larger of these ave Fort 
Myers (and north Fort § Myers), 





Naples, Marco Island, and Cape Coral 
(Figure 1). Lee County has the 
fastest growing population in the 
state. Other semiurban centers in 
the watershed are LaBelle, Denard, 
Lehigh Acres, Moore Haven, Bonita 
Springs, Immokalee, Goodno, Golden 
Gate Estates, Everglades City, 
Chokoloskee, Naples Park, Estero, 
Fort Myers Beach, and Ochopee. 


Some of the urban areas in the 
watershed have caused considerable 
environmental controversy over land 
development plans. The most notable 
are described in the following para- 
graphs. 


The Estero Bay estuaries de- 
velopment controversy went all 
the way to the U.S. Supreme Court 
for a final decision. This proposed 
development would have converted 
much of the mangrove wetland sur- 
rounding Estero Bay into medium 
residential land use (SWFRPC 1980}. 


The Marco Island development 
involved extensive dredge and fill 
of mangrove shorelines and barrier 
islands. Initiated before 1970, it 
has converted most of the uplands, 
beaches, and mangroves on Marco 
Island into a plush resort. 


The Golden Gate/Remuda Ranch 
Grants development plans were sig- 
nificantly slowed and altered’ to 
insure proper environmental safe- 
guards and human services. 

—_ 

The Cape Coral development has 
induced saline contamination of 
shallow aquifers, affected water 
quality, and caused serious aquatic 
weed problems over a 103-square-mile 
area just north of the mouth of 


the Caloosahatchee River estuary 
(SWFRPC 1980). Major industrial 
sites, outside of light industries 


associated with urban areas, include 
throughout 


oil fields scattered 


Collier, Lee, and Hendry Counties 
(Figure 3) and fossil fuel power 
piants at Fort Myers. 


The changes in_ vegetation 
brought about by urban development 
are best viewed in terms of a shift 
in local plant selection. In a nat- 
ural setting, plant community struc- 
ture is largely determined by those 
species that survive best under pre- 
vailing physical/chemical background 
conditions. Community associations 
in the Caloosahatchee’ River/Big 
Cypress watershed that appear to 
have dominated the natural setting 
where major urban centers are now 
located are given in Table 33. 
Species composition and other struc- 
tural-functional attributes of these 
communities was reported earlier in 
this chapter. The general categories 
of structural and functional changes 
that occur in natural communities 
in response to the gross changes 
brought on by urbanization are given 
in Table 34. Information is lacking 
on the long-term impact of convert- 
ing major fractions of natural com- 
munities into urban areas. 


To some degree the columns in 
Table 34 represent a complex stimu- 
lus-response process characterized 
by considerable overlap between many 
of the categories. For instance, it 
is clear that the gross changes in 
the structure and function of plant 
communities caused by economic 
development may be_ divided into 
two essential and interrelated 
stages as suggested in column 1 of 
Table 34. Stage 1 is the onset of 
construction during which the asso- 
ciated secondary responses dominate. 
Stage 2 is the lifetime of the 
structure used and maintained by 
urban dwellers. 


Although many of the environ- 
mental impacts of the two stages are 
similar, they often differ in form 

















Table 33. Plant communities affected by major urban centers in the Caloosa- 
hatchee River/Big Cypress watershed. 








Marco Istand Beach and dune, 
Cape Cora! 


Cypress, pinelands, 
marshes and sloughs 


Golden Gate 





Urban Center Area Communities Affected Source 
Ft. Myers Pinelands, marshes and sloughs, hammocks, cypress Brown [1976 
Naples Grassy scrub, dry pinelands, mangrove Browder et al. 


pinelands, 
Pinelands, marshes and sloughs 


hammocks, 





(1973) 
hammocks, mangrove Browder et al. 
(1973) 
Brown [{1976) 
prairies, Tabb et al. 
(1976) 





(i.e., how they are implemented) and 
intensity. Construction generally 
requires heavy equipment and much 
energy expenditure. The environ- 
mental impacts of using the struc- 
ture arise from the actions of 
individuals expending only minor 
amounts of energy. One impact is 
acute, the other is chronic. Initial 
construction must be followed by 
maintenance or the site will be re- 
invaded by exotic and native vegeta- 
tion. A similar overlap is apparent 
in the secondary structural/func- 
tional changes brought on by other 
activities, such as the discharge 
of wastes. The initial impacts of 
discharge from one-time construction 
activities may be more devastating 
to aquatic communities than daily 
discharges that continue to feed the 
community. 


6.8.84 Canals 


Major canal systems are fairly 
common in the Caloosahatchee River / 
Big Cypress watershed. The most 
prominent example is along the 
northern reaches of the Caloosa- 
hatchee River, where the river and 
many of its tributaries are ditched 
and channelized for drainage and 
irrigation. The City of Cape Coral, 
located at the mouth of the Caloosa- 
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hatchee River, is characterized by 
an extensive network of canals that 
have destroyed or bisected man- 
groves, salt marshes and prairies, 
pinelands, grassy scrub (dry prai- 
ries), and freshwater marshes and 
sloughs. In 1973 tne dominant com- 
munities in the disturbed area were 
grassy scrub (dry prairie), lakes 
(impounded), and freshwater and 
saline canals (Brown 1976). To the 
south, in the upland areas near 
Naples, lies one of the _ largest 
canal drainage systems in Florida. 
The two systems, the Golden Gate 
Estates and Remuda Ranch Grants 
canals, cut through areas_ once 
dominated by cypress strands, grassy 
scrub, freshwater marshes’ and 
sloughs, and salt marsh and man- 
groves (Carter et al. 1973, Browder 
et al. 1976). In and around Naples 
Bay, canals and seawalls replaced 
mangroves as the dominant shoreline 
feature (Collier County Conservancy 
1979). On Marco Island, channeliza- 
tion has also replaced a large por- 
tion of the diffuse (and sometimes 
nonexistent) drainage network of 
this barrier island/coastal swamp 
system. On the southern and eastern 
edge of the Big Cypress watershed, 
three borrow canals were dug along 
major roadways. These are the 
Barron River Canal (with State Road 





Table 34. Structural and functional changes in natural 
communities caused by urbanization. 











Gross Secondary 
Structural/Functional Structural/Functional 
Changes Changes 
Siructure 
1. Construction and maintenance a) Direct killing of owerstory, understory, or 
of urban-industrial component other natural vegetation and wildiife: affects 
parts (roads, offices, houses, local microctimatic factors such as tenperature, 
paraing tots, etc.) humidity, and incident tight; may also infivence 


runoff, erosion, subsequent species campos!tion, 
and soll structure. 


b) Change in local topography for construction or 
lardscaping purposes: affects runoff, recharge; 
ercsionm creates new microhabitats such as 
canals or high dry conditions, and even new sol! 
types. 


¢) Removal of forest litter or soll duff tayer: 
affects cation exchange capacity of solls, thus 
quality and quantity of runoff; affects soil 
nutrient and water holding capacity; constitutes 
a toss of productive microhabitat for sol! 
bulliding organisms and wildlife that Is 
trophically dependent on them. 


Feectloe 
2. Daily activities involved @) Active artificial wildtife selection 
in construction and min- 
tenance of urban metabo- 1) Imtroduction of dogs, cats, other pets and 
lism. livestock. 


2) Ettmination of predators, varmits, "pest*® 
insects,"dangerous*® spiders, "slimy" lizards, 
venomous snakes (pesticides, trapping, etc.). 


@) Passive artificial wildlife selection 


—s 


1) Changes in substrate (1. above) cause micro- 
habitat destruction, affects narrow niche 
species more than generalists. 


2) Urban nolse and pollutant levels Interfere 
with species communication, sensory processes 


3 


a 


Habitat discontinuity increases like thood 
of population isolation, affects birth rate, 
death rate, and gene fiow. 


4) Road kills affect birth and death rates 
directly and Indirectly. 
S$) Trophic web consequences of both active and 


passive wildlife selection factors. 


f) Discharge of urban stormwater, sewage or 
Industrial waste products (including air 
polttution) 


1) changes water quantity relationships such as 
peak flows, flow frequencies, tidal exchange 
factors, etc. as drainage diversion and 
dredging activities Increase; affects 
substrate and species composition through 
both Initial construction and maintenance. 


2 


a 


changes water quality relationships; 
introduces nutrients, toxins, and aquatic 
weeds at levels and frequencies not 
previously encountered. 
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29), the Turner River Canal (with 
Turner River Road), and the Tamiami 
Canal (with U.S. 41, Tamiami Trail). 


A schematic illustration of the 





and aquatic habitat structure is 
given in Figure 74. Water quality 
and quantity impacts of channeliza- 
tion were discussed in Chapter 4. 
Most of the environmental impacts on 
community structure have been men- 




























































































impact of canals on ground- and sur- tioned previously in the _ sections 
face-water hydrology and terrestrial on riverine communities, exotic 
i's : 
' 
r —_ —__————__ 3 —--— 
Ar 
/ Ye 
i ‘ 42 
+ 4 ; eeoese 
| 7 ~-3- - ; ? 
t i sttees » 4 
> + 
-* . ~4  8eee 
iid 
PARAME TER IMPAC! REFERENC + 
OR PROCESS 
] Groundwater Table fanals lower depth to groundwater table; seasonal Klein et al. (1970), 
Fluctuations fluctuations dampened or shifted generally to McCoy (1964), 
lower lows and lower highs. Arter et al. (1973 
2 Penetration into ‘anals may penetrate into deeper ‘aguifer) strata Klein et al. (1970 
Subsurface strata below surficial sediments; aquifer drainage is MoUpy (1964), 
facilitated, water quality affected. arter et al. 975) 
3 Groundwater flow By lowering water table, Seasonal recharge; discharge | Klein et al. (1970), 
jradient cycle disruptei thus hydroperiods change, availability MeOoy (1964), 
a of soil ™misture changes, saline waters intrade. Arter et al. (1973) 
—_ -—~ 
4 Water storage am Stored groundwater may be discharged or tidal exchanug Van de Kreeke (1979), 
xchanse factor increased, thus changing extremes of drought Hicks (1979), Carter 
flood and background water qumlity. et al. (1973) SwRRPC (1980) 
5 Shallow water Area of wetland habitat decreases, replaced by upland | Duever et al. (1979), 
naditat and deep water habitats; shaliow water dependent wildlife | Brown (1974), 
fish and wildlife have less habitat, deep water and upland dependent lehman (1976) 
Species favored, aquatic weeds favored. 
6 Terrestrial Shift fron xeric to msic conditions, promotes fire Brown (1974) 
vegetation and early succession communities, invasion by exotics.| Lehman (1976) 
amd wildlife Wildife also shifts according to available habitat 
and other factors. 
7 Water quality Turbidity, color, dissolved axyjen, pH, conductivity, |Carter et al. (1973) 
inorganic ions, metals and other parameters may change] Hicks (1979), 
with depth, groundwater drainace, sediment removal of | SWFRPC (1980 
canals. 
8 Evapotranspiration | Wetland habitat loss, excess discharge, lower soi! 
moisture, lower water table, increased depth and 
storage in open canal reservoirs change the nature 
and magnitude of ET. 

















Figure 74. The effects of canal development on hydrology and habitat 
structure. 
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species, and agricultural and urban- 
industrial communities. 


The preeminent environmental 
effect of channelization § is_ to 
change the local topography. Undu- 
lating, low-sloping land _ surfaces 
including broad expanses of shallow 
wetland are usually converted into 
systems having more distinct bound- 
aries between land and water. Natu- 
rally this results in a narrower 
band of surface area and more 
sharply fluctuating water levels. 


Some freshwater canals (e.g., 
Golden Gate Estates Canals) support 
lush growths of aquatic weeds (Joyce 
Environmental Consultants 1975) 
while others (e.g., Cape Coral) do 
not. One major difference may be 
the nature of the respective canal 
substrates and the surrounding land- 
use practices. Golden Gate Estates 
canals are downstream from a drain- 
age system that still has consider- 
able natural vegetation. Cape Coral 
canals, on the other hand, are cut 
into limestone and have essentially 
no natural surface drainage up- 
stream. Currently there is little 
urban development in Cape Coral to 
generate stormwater pollution, and 
the aquatic vegetation is under con-~ 
trol. Nutrient-loading differences 
between the two canal systems may 
account for some of the differences 
in plant species composition (M. 


Lehman; personal commentation). A 
list of the aquatic weeds common in 
canals of the watershed are given in 
Table 35. 


Table 35. Aquatic plants found in 
the waterways of central and north- 
ern Collier County (adapted from 
Joyce Environmental Consultants 


1975). 























































































































Species 

Number Common Name Scientific Name 
0 Alligatorweed Alternanthera philoxeroides 
1 Azoltla Azolla caroliniana 
2 Sea Wrtie Baccharis halimifolia 
3 Bacopa Bacopa caroliniana 
“« Bidens Bidens cernua 
5 Cabomba Cabomba caroliniana 
6 Ferns Centella repanda 
7 Buttonbush Cephalanthus occidentalis 
- Coontail Ceratophy!!tum demersum 
9 Chara Chara spp. 
10 Day flower Commelina communis 
iB Sedge Cyperus strigosus 
12 Barnyard Grass Echinochloa crusgaiii 
13 Hyacinth Eichhornia crassipes 
14 Slender Spikerush Eleocharis acicularis 
LP) Mydritta Mydrilla verticiliata 
16 Mydrocotyle Mydrocotyle wnbellata 
/ Needlerush juncus roemerianus 
18 Cutgrass Leersia hexandra 
19 Duckweed Lemna minor 
20 Frogbit Limnobium spongia 
21 Ludwigia Ludwigia palustris 
22 Primrose Willow Ludwigia peruviana 
23 Wax Myrtie Myrica cerifera 
24 Broadleaf Milfoil Myr iophy! tum heterophy! ium 
25 Southern Naiad Najas guadalupensis 
26 Waterlily Nymphaea odorate 
27 Maidencane Panicum hemi tomonr 
28 Paragrass Panicum purpurascens 
2° Torpedograss Panicum repens 
30 Common Reed Phragmites communis 
31 Waterlettuce Pistia stratioties 
32 Smar tweed Polygonium spp. 
33 Pickerelweed Pontederia lanceolata 
34 Pondweed Potamogeton illinoeni 
35 Swamp Dock Rumen verticiltlatus 
36 Sagittaria Sagittaria isoetiformis 
37 Sagittaria Sagittaria ltancifotia 
38 Arrowhead Sagittaria spp. 
39 Willow Salix spp. 
40 Brazilian Pepper 

Tree Schinus terebinthifolius 

4) Cattail Typha spp. 
42 Bladderwort Utricularia foliosa 
43 Wolffia Wolffia columbiana 




















CHAPTER 7 
FAUNA 


7.1 INTRODUCTION 
Ordinarily, an animal species 
can use only a few habitats in a 
given geographic area. Major factors 
that regulate habitat use and geo- 
graphic range are the behavior, 
physiology, and anatomy of _ the 
species; competitive, trophic, and 
symbiotic interactions with other 
species, and forces (both random and 
systematic) that influence species 
dispersion. Such restrictions may 
be broad, as in the case of the 
common crow, which prospers in a 
wide variety of settings over a vast 
geographic area; or narrow, as in 
the case of the mangrove terrapin, 
which is found in only one habitat 
and only in the near tropics of the 
western hemisphere. Knowledge of 
the animal species in_ particular 
habitats is fundamental to under- 
standing and managing fish and 
wildlife resources; consequently, 
the major thrust of the following 
discussion is on the fauna of the 
Caloosahatchee River/Big Cypress 
watershed. Detailed descriptions of 
species-habitat relations, were 
considered to be beyond the scope of 
this report. Literature that gives 
more detailed information on _ Iccal 
fish and wildlife and their habitats 
is cited. 
7.2 INVERTEBRATES 
7.2.1 Terrestrial and Wetland 
Invertebrates 








Little is known about the ecol- 
ogy of the invertebrates in this 
watershed. Studies by Ross and 
Jones (1979) and Milleson (1980) 
list invertebrates (primarily aquat- 
ic) identified at sites along the 
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Caloosahatchee River and in Lake 
Trafford. Ress and Jones (1979) 
summarize data collected from 1974 
to 1978 at three Caloosahatchee 
River stations and one station in 
the littoral zone of Lake Trafford. 
Differences between two collecting 
methods (natural versus artificial 
substrate) were examined, and tempo- 
ral variations in species diversity 
and biotic index are described. 
Milleson (1980), compared the ben- 
thic faunas of seven Caloosahatchee 
River oxbow lakes in respect to spe- 
cies density and composition in the 
various sedimentary and hydraulic 
conditions. 


in the Caloosahatchee River up- 
stream from Franklin Lock, seasonal 
diversity of species composition was 
apparent on natural substrates. Di- 
versity peaked in winter and spring 
and reached its minimum in summer. 
Differences in seasonal distribution 
were attributed to a combination of 
low oxygen and low salinity induced 


by lock operations, high instream 
metabolic rates, and the _ instream 
allocthonous organic matter. Unlike 
the seasonal trends in natural 
substrate samples, the artificial 


substrate diversity showed no clear 
seasonai trend (Moore Haven Sta- 
tion). Some of the discrepancies 
between natural and artificial 
substrates may be attributed to 
sampling bias. 


Milleson (1980) reported 28 
species of benthic organisms from 
seven Caloosahatchee River oxbow 


lakes. Three species, Tubifex 
tubifex (Annelida, Tubificidae), 


Gammarus fasciatus (Amphipoda, Gam- 





maridae), and Chaoborus punctipennis 
(Diptera, Culicidae) were found in 











all seven lakes. Collectively, these 
three species accounted for 88% of 
the total numbers of individuals. 
Cyathura polita (lIsopoda, Anthuri- 
dae), Corbicula leana (Pelecypoda, 
Corbiculidae), Ablabesmyia cinctipes 











(Diptera, Chironomidae), and Polype- 
dilum halteri (Diptera, Chironomi- 
dae) were the four next most abun- 
dant species. 





T ubifex tubifex, Gammaris 








fasciatus, and Cyathura polita are 
scavengers that feed on algae, 
vegetation, and plant detritus 
(Milleson 1980). Ablabesmyia cinc- 
tipes, Polypedilum  halteri, and 
Chaoborus punctipennis are primarily 
predators that feed on rotifers and 
microcrustacea. C. punctipennis 




















often feeds extensively on Tubifex 





tubifex. Corbicula is a filter- 
feeding pelecypod that would not be 
expected in great abundance in fine, 
organi: sediments that dominate the 
oxbow lake bottoms, and instead pre- 
fers sandy bottoms and moving water. 








The average density of benthic 
macrofauna in six oxbows ranged from 
201 = individuals/m2 sto. —- 692/m2, 
and averaged 365/m2, In the sev- 
enth oxbow lake the density averaged 
848/m2, Of this total, however, 
53% of the individuals collected 
were Chaoborus punctipennis. 





7.2.2 Marine and Estuarine 
Invertebrates 








Marine and estuarine inverte- 
brates are either pelagic (as mem- 
bers of the plankton) or benthic 
(bottom dwellers), or both. Those 
that use both habitats are mero- 
plankton; they move between the 
plankton and benthos as a function 
of diurnal activity or part of their 
life history. Major studies on 
invertebrates are listed below. 

(1) Calocsahatchee River estu- 

ary: Gunter and Hall (1965) 
and Applied Biology (1976). 
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{2} Estero Bay area: Tabb et al. 
(1974) and ESE (1978b). 
Wiggins Pass: ESE (1978b). 
Naples Bay: ESE (1978b) and 
Yokel (1979). 

Rookery Bay: Yokel (1975). 
F ahk a Union andF ahk ahatchee 
Bays: Carter et al. (1973). 
Chokoloskee Bay: ESE 
(1978b). 

Offshore waters: Lindall 

et al. (1973). 

Authors of some of these studies 
(Gunter and Hall 1965 and Yokel 
1975) could not clearly differen- 
tiate between planktonic and benthic 
components because of the sampling 
technique employed (trawls). General 
characteristics of planktonic and 
benthic communities are described 
by Hopkins (1973) and Collard and 
D'Asaro (1973). 


(3) 
(4) 


(5) 
(6) 


(7) 
(8) 


Zooplankton. The most system- 
atic study of the true zooplankton 
of the area's estuaries (excluding 
icthyoplankton) is that of ESE 
(19786). Four estuarine systems; 
Estero Bay, Wiggins Bay, Naples Bay 
and Chokoloskee Bay, were sampled 
during the dry season (April 1977) 
and the wet season (September 1977). 
Individuals were identified to 
species where possible, and counted 
and weighed. Only one sample (wet 
season) was taken in Estero Bay. 


Zooplankton numbers and biomass 
were lowest ir the dry season. Sta- 
tion-to-station variations were less 
pronounced under dry, high-salinity 
conditions than during wet, low- 
salinity conditions. Averages were 
not very meaningful because of the 
large variation between stations in 
each estuary. 


The variations in species com- 
position, numbers, and biomass under 
different physical/chemical  condi- 
tions were difficult to explain. 
Salinity, although significantly 
different between seasons, did not 











explain  station-to-station  differ- 
ences in biomass or numbers within 
the same estuary. Temperature cor- 
related more precisely with seasonal 
differences in numbers and biomass, 
but did little to explain. station- 
to-station differences. 


The general seasonal trends in 
plankton numbers and biomass (Figure 
75) are similar to those described 
by Hopkins (1973) for other estu- 
aries of the eastern Gulf of Mexico. 
Salinity and temperature generally 
explain only a fraction of the 
variation in numbers and biomass of 
zooplankton. Water temperature 
probably is most influential. Other 
factors often are seasonal composi- 
tion of the plankton and predator- 
prey relationships. Seasonal concen- 
trations of meroplankton, which 
represent the larvae of benthic or 
epibenthic invertebrates, may great- 
ly influence the concentration and 
composition of plankton. Large 
variations in numbers and hiomass 
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may also arise from the transitory 
nature of the estuarine environment. 
In addition to the growth and de- 
cline of a population in response to 
the scarcity of food and predators, 
the total community is in constant 
physical motion. This movement is 
aue to the zooplankton's own mobil- 
ity (primarily vertical), as well 
as that caused by wind and tidal 
currents. The sampling of such a 
dynamic process at indiscrete inter- 
vals and tocations is likely to 
produce an incomplete and perhaps 
confusing picture of spatial and 
temporal patterns. 


Qualitatively, copepods consti- 
tute a major year-round fraction of 
the zooplankton of Estero, Wiggins, 
Naples and Chokoloskee Bays. Acartia 
tonsa, a calanoid, was the dominant 
copepod observed. Paracalanus par- 


vus, another calanoid copepod, was 
also frequently encountered. Less 


frequent, though a significant con- 
tributor to the copepod group, was 
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Figure 75. Seasonal trends in plankton numbers and biomass (adapted from 


ESE 1978a, 1978b). 
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the harpacticoid Euterpina acuti- 
frons, which was more abundant in 
April than September, and the cyclo- 
poid Ojithona sp., which was more 
frequent in September than April. 
Juvenile copepods (nauplii) and 
meroplankton were relatively abun- 
dant in all samples. Gastropod 
(snail) larvae account for the 
greatest percentage of the mero- 
plankton community at Chokoloskee 
Bay. Generally, barnacle (cirripi- 
dea) and snail (gastropoda) larvae 
were common in al! three estuaries 
{excluding Estero Bay). Crab larvae 
were less abundant. At Wiggins 
Pass, cirriped (barnacle) nauplii 
were the most abundant meroplank- 
ters. This was generally the case 
for Naples Bay, except at a few 
Stations where peiecypod (bivalve) 
larvae were dominant. 





Microzooplankton, although nu- 
merous at times, were relatively 
scarce in the samples because the 
mesh size of the net was too large 
{Hopkins 1973). Other sampling 
variables (e.g., time, depth, and 
speed) also biased the species 
composition of the samples. 


Benthos. Variation within the 
estuarine and marine benthic § in- 
vertebrate community is primarily 
controlled by substrate (grain size 
and composition) and salinity. Other 
major factors that influence commu- 
nity composition are water temper- 
ature, plant cover, disruptions 
{either natural, e.g., hurricanes, 
or man-made, e.g., dredge and fill), 
predator-prey interactions, and food 
availability. Information on species 
composition and biomass of benthic 
communities is relatively plentiful 
in the watershed's estuaries, but 
distinct communities and gradients 
between them are difficult to define 


because of sampling inadequacies and 
errors and the dynamic nmeture of 
benthic communities. 


As components of the benthos, 
many infauna and epifauna_ ingest 
bacteria-laden sediment and detri- 
tus and upcraede the organic matter 
into higher levels of the estuarine 
food web. Although seldom quanti- 
fied, this reprocessing aiso has 
side benefits for planktonic metab- 


olism and water quality. By con- 
centrating bacteria, which have a 
relatively high ratio of surface 


area t> volume, into a multicellular 
organism with a lower ratio, the net 
metabolic rate is slowed. A given 
amount of organic matter in the form 
of polychaetes, for example, typi- 
cally consumes less oxygen per unit 
of time than the same amount of 
microbial biomass. 


In addition to the direct bio- 
logical effect on the oxygen bal- 
ance, estuarine benthic fauna also 
exert biological effects through 
their physical activities. By feed- 
ing, burrowing, pumping, and filtra- 


tion, the fauna physically rework 
the sediments. As in terrestrial 
soils, such bioturbation induces a 


much greater movement of chemicals 
and gases (e.g., oxygen between the 


bottom substrates and the water 
column). One factor that controls 
the level of bioturbation is the 


amount of dissolved oxygen (DO) at 
the sediment-water interface. Ben- 
thic fauna and other aerobic de- 
composers (e.g., bacteria) consume 
oxygen in direct proportion to their 
metabolic rate and numbers. As the 
DO drops, fewer aerobic species are 
able to survive and those that do 
may flourish because of the reduced 
competition for food and space. As 
the DO approaches zero, the few 
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remaining aerobic species die, and 
any further decomposition is accom- 
plished at a much lower rate by 
anaerobic microbes. 


Benthic fauna also affect the 
cycling of other chemical elements 
in the estuary. The adsorjtion of 
certain heavy metals by particulate 
matter increases as the conductivity 
(salinity) of the water increases 
(Horvath 1973). Heavy metals are 
also concentrated in the degradation 
of red mangrove leaves (Mathis 
1973). It is not surprising, there- 
fore, that heavy metal concentra- 
tions in the sediments of some 
estuaries are generally higher than 
in overlying waters (Carter et al. 
1973). 


The concentration of elements 
in the sediments benefits the estu- 
ary by helping to conserve materials 
necessary for metabolism and also 
helps keep the concentration of 
potential toxins in the water column 
at extremely low levels. On the 
other hand, the presence of higher 
concentrations in the sediments 
does mot necessarily mean that the 
materials are either removed from 
circulation or detoxified. Rather, 
their point of entry into estuarine 
metabolism is in the benthos rather 
than the water column. For the ben- 
thos, prevailing physical/chemical 


conditions such as the uptake and 
release of elements by benthic 
organisms dictate whether such 


substances are buried, exported, or 
shunted into higher levels of the 
food chain. 


Substrate differences that most 
clearly delineate benthic communi- 
ties from one another are the hard 
and soft bottom, and the inter-tidal 
and submerged bottoms. For example, 
where salinities are similar, the 
exposed prop roots of mangroves sup- 
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port an ‘vertebrate fauna similar 
to that of the sheli-based _ inter- 
tidal oyster reef. The communities 
along the mud to mud/sand to sand 
substrate, although different from 
the intertidal communities, are hard 
to distinguish from one _ another 
(Carter et al. 1973). Salinity also 
has a major effect on the species 
composition of the benthos. For 
example, in the upper end of the 
Calcosahatchee estuary, larval in- 
sects comprise anywhere from 0.1% to 
92.4% of the benthic fauna (Applied 
Biology 1976), but at the lower end 
of the estuary, the marine benthic 
fauna are nearly devoid of larval 
insects (Gunter and Hal! 1965). The 
number of benthic species at any one 


location increases with seasonal 
increases in salinity. A more 
obscure change occurs in species 


composition and abundance from the 
vast “middle-ground" area between 
San Carlos Bay and Franklin Locks 
where salinity fluctuates greatly. 
The following subsection describes 
the substrate communities and the 
factors affecting abundance. 


Intertidal Communities. The 
intertidal community consists pri- 
marily of the prop-root associates 
of red mangroves (Figure 76), and 
the oyster reef (Figure 77). A 
third community, which Odum et al. 


(1982) include with the prop-root 
associates, is the intertide! mud 
flats (Figure 76). The inclusion of 
the intertidal mud flat with = the 


prop-root associates is based on the 
observation that many of the prop- 
root species feed on flooded and 
exposed mud flats. Although not as 
extensively documented, oyster reef 
fauna behave in much the same way. 
A tourth community, the seawall, 
exhibits a fauna similar to but 
slightly different from that of 
mangrove prop roots (Courtenay 
1975). In addition to the connection 
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Figure 76. Representative benthic invertebrates living among mangrove 
prop roots. 
ATTACHED SESSILE 
Crassostrea virginica 
Crepidula plana 
Balanus sp 
ancmia simplex 
MET Brachiadontes sp. — 
Conger ia pvcuuharta 
FLOW Modiolus demissus FLOW 
-. 





——$£ @ —_—_—_—_ 


SUBMERGED 4&4 
INTERTIDAL FLATS 
———— & GRASSBEDS 
_“ Pagurus bonairensis 
Alphaeus heterachaelis 
———.g i Petrulistes armatus 
ADAPmecre Burypanopeus 
“ “iw Gepressus 
Murex dilectus 


Nereis Succ ines 
other polyctwetes 
— 77. Representative benthic invertebrates living among oyster reefs 
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between  prop-root dwellers and 
intertidal flats, Odum et al. (1982) 
describe similarities between prop- 
root dwellers and those that occupy 
the mangrove-forest canopy = and 
floor. The latter, however, tend to 
be dominated by nematodes, insects, 
insect larvae, polychaetes, har- 
pacticoid copepods, isopods, and 
amphipods - clearly a mixture of 
terrestrial and marine forms. 


The temporal and spatial varia- 
tion in species composition among 
communities are largely dependent on 
Salinity, DO, substrate, flow and 
tides. One consistent trend noted 
with regard to salinity is 1 rela- 
tive decrease in the diversity of 
invertebrates on prop roots at the 
head ends of mangrove creeks (Wan- 
less et al. 1975, Weinstein et al. 
1977). Presumably the low oxygen, 
low Salinity, and finer sediments 
there inhibit the colonization of 
certain species. Benthic fauna also 
decrease along this same _ salinity 
gradient within mangrove-lined 
creeks. Lower faunal diversities 
were reported from canals where 
mangroves had been replaced by sea- 
walls. Major species found only on 
mangrove roots and not on seawalls 
































are: Turitella Sp., Melongena 
corona, Anachis. semiplicata, Bulla 
striata, Hypselodoris sp., Arca 
imbricata, Carditamera floridana, 
Pseudoirus typica, and  Martesia 
striata. 


Submerged Boitoms. Decapod 
crustaceans comprise one of the most 
important groups of invertebrates 
that characterize the estuarine 
floor (Gunter and Hall 1965, Carter 
et al. 1973, ESE 1978b). Grass 
shrimp (Paleomonetes_ intermedius, 
P. paludosus, P. pugio), pink shrimp 
(Penaeus duorarum),  Periclimenes 

















americanus, Periclimenes longicau- 
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datus, Hippolyte pleuriocantha, Tox- 
uma carolinese, and Rhithropanopeus 











harrissi, are major primary consum- 





ers of vascular’ plant material, 
periphyton, and detritus. Grass 
shrimp, pink shrimp, swimming crabs 
(family Portunidae), mud_— crais 
(family Xanthidae), Rhithropanopeus, 
and other decopods are major foods 
of many sport and commercial fishes. 
Yokel (1975) and Carter’ et al. 
(1973) reported 33 species of deca- 
jeds in samples from Fahkahatchee, 
Fahka Union, and Rookery Bays. 
Table 36 lists these crustaceans and 
their numerical distribution in 
Fahkahatchee and Fahka Union Bays. 
In Rookery Bay the five most abun- 
dant decapods were more numerous at 
sites vegetated with seagrasses or 
benthic algae than at unvegetated 
sites (Yokel 1975). 





The abundance of the five major 
decapod species in Rookery Bay was 
best correlated to plant biomass, 
water temperature, salinity, and the 
red tide (Yokel 1975). Nonetheless, 
these factors explained relatively 
little about the station-to-station 
and seasonal variation. These vari- 
ations suggested that the subtle 
aspects of the biology and adapta- 
tion of each species were probably 
more important in explaining vari- 
ations in abundance and distribution 
than gross environmental measures. 


Two particularly important pen- 
aeids from a commercial standpoint 
are the pink shrimp (Penaeus duora- 
rum) and the stone crab (Menippe 
mercenaria). Because of their com- 











mercial importance and as represen- 
tatives of the decapod benthic 
fauna, their role in southwest Flor- 
ida's estuarine ecology is described 
in some detail. Both species are 
good examples of the important con- 
nections between coastal waters and 
estuaries. 





Table 36. Numbers of dx.x200d 
crustaceans  ocollected in various 
habitats in Ten Thousand Island:, 
Florida, 1972 (adapted from Carter 
et al. 1973). 








Habitat (1 
Family and Species 4 B ( D t 





Penaecidas 
Penaevs duorarum 355 357 i£5* $22 


| 
| 





| Palaemonidae 























| Periclimenes longicaudatus 2 5 246 «14 

| Pericliimenes americanus 3 9 42 4 

| Leander paulensis 32 . a 1 

Palaemonetes p_iudosus 24 
Palaemonetes vulgaris 15 6 14 58 
Palaemonetes intermedius 21 91 1430 162 
P>‘aemonetes pugio 1 2 26 «(12 

Alpheidae 

Aipheus normanni i 8 
Alpheus heterochaelis 1 5 5 





Hippolytidae 











Thor floridanus 4 

Hippolyte pleuracantha 45 422 134 

Tozeuma carolinense S7 365 114 
Astacidae 

Procambarus alleni 514 





Porcellanidae 











Petrolisthes armatus 2 R 

Pe cellana sayana 2 
Pagur idae 

Paguristes spp. 2 9 33 

Pagurus longicarpus a a 

Pagurus bonairensis a a a a a 





Portunidae 























Portunus sayi 2 2 6 
Portunus gibbesii 2 7 2 
Callinectes sapidus 27 22 12 24 
Catlinectes ornatus 5 14 11 (25 
Xanthidae 

Menippe mercenaria 1 1 
Rhithropanopeus harrisii j 
Neopanope texana 23 161 70 221 
Eurypanopeus depressus } 7 15 





Panopeus herbsti i 





Goneplacidae 
Eucratopsis crassimanus 1 





Grapsidae 
Aratus pisonii R 





Ocypodidae 





4Numerical data on Pagurus spp. were only recorded from a 


few collections. 
(1) Habitat designations were as follows Fahka Union Bay 


(A); Fahkahatchee Bay - West (8), = North (C), = East 
(D); other estuarine areas (E), and freshwater sites (F). 





Uca rapax 10 

Uca pugilator $1 
Maj idae 

Libinia dubia 12 17 38 42 








Most of the commercial shrimp- 
ing in southwest Florida focuses 
around the Tortugas and Sanibel 
shrimping grounds northwest of Key 
West and off Sanibel Island to the 
northwest of the Caloosahatchee 
River. Due to the great economic 


value of this resource, a _ signifi- 
cant amount of research has been 
conducted over the years on shrimp 
ecology and population dynamics. 
After 1954, when new markets devel- 
oped for smaller sized shrimp, the 
question arose as to how to best 
manage the Tortugas shrimp grounds 
for sustained optimum yield (Iversen 
and Idyll 1959). Costello and Allen 
(1966) have determined that shrimp 
from area estuaries also utilize 
the Sanibel grounds off Cape Romano 
(Figure 78). 


Intensive sampling and analysis 
of the shrimp population of the Tor- 
tugas grounds in the mid-fifties re- 
vealed that the smaller shrimp tend 
to inhabit shallower waters than the 
larger shrimp. In an attempt to 
prevent excessive exploitation of 
the shrimp population, a “controlled 
area" or refuge near Key West was 
declared off limits to commercial 
fishing. This area is the shallower 
portion of the Tortugas nursery 
grounds and the area surrounding the 
Marquesas Keys (Ingle et al. 1959). 


—_ 


LOOP CURRENT 





Figure 78. Simplified model of 
shriap migratory patterns in south 
F .orida. 
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Predicting the timing and abun- 
dence of shrimp on the Tortugas 
sh-imping grounds is of primary im- 
pc stance in making management recom- 
m:ndations to protect the fishery; 
consequently, research has _ been 
focused on understanding the growth 
and migratory patterns of the pink 
shrimp and the factors that control 
their seasonal and yearly fluctua- 
tions. Although there are still 
information gaps, a simplified model 
of the pink shrimp life cycle and 
migratory patterns off southwest 
Florida is given in Figure 78. The 
following discussion describes one 
loop in the model's cycle. Since 
most of the information § available 
pertains to the Tortugas grounds, 
the focus is on this geographic 
area. Some of the general findings 
are also applicable to the Sanibel 
grounds as well. 


The various sizes and ages of 
shrimp are rather broadly dispersed 
throughout the Tortugas shrimping 
grounds, but the smaller, younger 
shrimp tend to congregate in shal- 
lower waters along the south/south- 
east boundary of the grounds (Iver- 
son et al. 1960). The smaller shrimp 
are believed to be the year's early 
recruits from the estuarine nursery. 
There is also an increase of shrimp 
size north from Key West irrespec- 
tive of depth increase. Controlled 
release and recovery of shrimp over 
the Tortugas grounds confirms that 
there is a general northwesterly 
movement but this is by no means 
always true (Iverson and = Jones 
1961). An average migration rate 
(im any direction) of about 8 km/day 
(5 mi/day) is reported. Numbers of 
shrimp at the surface and middepth 
generally decrease from midnight to 
midday and increase from midday to 
midnight (Roessler et al. 1969). 


Female pink shrimp on the Tor- 
tugas grounds tend to grow faster 
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and ultimateiy, larger than male 
shrimp (Iverson and Idyll 1960). The 
effect of seasonal changes in water 
temperature on the growth of pink 
shrimp is believed to be relatively 
small. Iverson and Jones (1961) 
report that, in cage experiments, 
growth during the warm months is not 
significantly greater than during 
the cooler months. Indeed the high 
summer temperatures appear to slow 
the growth of shrimp. 


The gradual movement of older, 
larger adults into deeper waters is 
believed to correspond to the onset 
of spawning in the pink shrimp. Fe- 
male shrimp can reproduce when they 
reach about 90 mm (3.5 inches) in 
length (Ingle et al. 1959). Shrimp 
spawn year round in the warm south 
Florida waters, although there is 
distinct temperature amplification. 
Spawning peaks in the spring and 
summer were apparently triggered by 
changes in bottom water temperatures 
(Roessler et al. 1969, Jones et al. 
1970). Water temperatures are fair- 
ly constant all year in the Tortugas 
shrimping grounds, although Iverson 
and Idyll (1960) note that a thermo- 
cline may develop during the summer. 
The thermocline is generally a 
short-lived phenomenon because 
strong winds keep the water mixed. 
The occasional thermocline may help 
to explain the sporadic nature 
of summer spawning peaks noted by 
Roessler et al. (1969). Shrimp 
spawn most actively when water 
temperatures are between 27° and 
30.8°C (81° and 87°F). 


Spawning is generally restrict- 
ed to waters deeper than 6 fathoms 
(11 m or 36 ft). There is also some 
indication that spawning is greater 
during the waning moon phases. An 
average annual production of 87 x 
1011 = protozxea ~=s larvae/year is 
estimated by Roessler et al. (1969). 
Average survival rates ranging from 
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74% to 98% (mean = 80.4%) per day 
are estimated for larval stages of 
pink shrimp (Munro et al. 1968, 
Jones et al. 1970, Roessler et al. 
1969). 


The numbers and biomass of pink 
shrimp in estuaries of the Ten Thou- 
sand Islands area reach a seasonal 
peak in June and July (Carter et al. 
1973, Yokel 1975). A second peak is 
rep»rted by Carter et al. (1973) in 
November in Fahkahatchee and Fahka 
Union Bays (Figure 79). 


Early nauplii and young proto- 
zoea stages are believed to remain 
close to the bottom, but second and 
third protozoea and mysis_ stages 
often migrate vertically, a behavior 
that may greatly enhance their 
chances to drift with prevailing 
surface and bottom water movements 
in the nursery grounds. 


Larvae may take one of two 
routes to reach estuarine nursery 
areas (Figure 78). The first and 
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least known route involves direct 
travel across tine shallow shelf 
toward the Ten Thousand Islands, 
Whitewater Bay, and Florida Bay. 
In taking this route, plankton 
larvae must traverse waters. with 


complex and sometimes’ contrary 
currents. Nonetheless, Jones 
et al. (1970) reported finding 


numerous post-larvae movirg in that 
direction. 


The second route is somewhat 
less direct, but probably more ener- 
gy efficient for the larvae. This 
migration is a _ fortuitous coupling 
of the planktonic life style with 
locally cycling currents: larvae 
are swept southwestward by prevail- 
ing surface and bottom currents. 
Further south, as these currents are 
increasingiy influenced by the Flor- 
ida Current, the larvae are swept 
northeastward along the outer banks 
of the coral reef tract, developing 
into post-larvae as they go. By the 
time they reach the _ post-larval 
stage they begin to enter Florida 
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Figure 79. Numbers and biomass of pink shrimp (Penaeus duorarum) and grass 
shrimp (Palaemonetes spp.) taken from combined catches of surface and otter 
trawls in Fahka Union and Fahkahatchee Bays, 1972 (adapted ffrom Yokel 
1975). 
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Bay on incoming tides through the 
channels between the Keys (Allen 
et al. 1980). The’ correlation 
between seawater temperatures and 
post-larval abundance in one_ such 
channel in the upper Keys is shown 
in Figure 8). Seasonal abundance 
peaks from May through August or 
September. Superimposed on this 
pattern (Allen et al. 1980) is 
seasonal variation in the depth at 
which skrimp_ post-liarvae abound 
(Table 37). During peak seasonal 
abundance the shrimp tend to con- 
centrate near the surface, but as 
they become scarce, the _ greatest 
numbers are found at mid-depth. 


Apparently one of the more im- 
portant factors controlling the mi- 
gration of shrimp is their response 
to ambient conditions as a function 
of life stage. The post-larvae en- 
tering the nursery area seem to seek 
out the incoming tides and avoid the 
outgoing tides (Allen et al. 1980). 
The reverse is apparently the case 
for juvenile shrimp on their way 
back offshore (Tabb et al. 


1962). 
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Figure 80. Abundance of post-larval 
shrimp at Whale Harbor Channel in 
the upper Keys (adapted from Allen 
et al. 1980). 
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Table 37. Seasonal variation in pink 
shrimp post-larvae with depth 
(adapted from Allen et al. 1980). 











Percent by Season 
Depth Overall May-Aug. Sept.-April 
Surface 39.9 33.1 59.7 
Mid depth 54.7 60.9 36.9 
Bottom 5.4 6.0 3.5 











A number of authors acknowledge 
seasonal correlation between near- 
shore salinity and freshwater  in- 
flow and post-larval and juvenile 
shrimp abundance. Increased inter- 
tidal habitat created by _ seasonal 
water-level fluctuation in Florida 
Bay is one of the more important 
factors contributing to the survival 
of young post-larvae (Allen et al. 
1980). Another factor that must 
certainly be involved is the tremen- 
dous seasonal pulse of detritus in 
nearshore waters; still another may 
be protection from aquatic predators 
that can't tolerate low salinity. 


The biology of the stone crab 
(Menippe mercenaria) has been re- 
viewed by Bert et al. (1978). The 
following discussion starts with the 
distribution and behavior of adult 
crabs and proceeds through their 
reproductive cycle and _ succeeding 
life-history stages to adulthood. 





Adult stone crabs apparently 
crave some sort of protective shel- 
ter, seeking out crevices on shell 
bottoms and oyster reefs or, more 
commonly, digging burvows in sand 
and mud. Their characteristic shel- 
ters are burrows 15 to 127 cm (6 to 
50 inches) deep in Thalassia flats 
and along the edges of channels. In 
the vicinity of adequate food, bur- 
rows may be as close as 20 to 30 cm 
(7.9 to 11.8 inches) apart. There 











seems to be a distinct relationship 
between burrow size and crab size. 
No crabs less than 43.2 mm (1.7 
inches) in carapace width (cw) are 
found in burrows, and younger adults 
43 to 74 mm (1.7 to 2.9 inches) cw 
tend to excavate rather’ short, 
straight burrows. In contrast, 
burrows of larger stone crabs of 
76.2 mm (3.0 inches) cw are dug 
obliquely into the sediment, are 
deeper, and are oriented perpendicu- 
lar to the direction of water flow 
(McRae 1950, Powell and Gunter 1968, 
Bender 1971). The burrows provide 
mating chambers, and areas for food 
storage (Bert ot al. 1978), and pro- 
tect molting females from predators 
and cold. 


The distribution of adult stone 
crabs is based largely on direction- 
al movements that are probably a be- 
havioral function and nondirectional 
movements related to environmental 
changes. Directional movements 
include seasonal mass_~ migrations 
involving primarily one sex or one 
size class. As a group, male stone 
crabs seem to live farther offshore 
than females, which are year-round 
residents of shallow seagrass flats. 
Both sexes move closer inshore at 
certain times of the year. Sexually 
maturing females move _ inshore in 
early summer, and males_ migrate 
inshore in the fall to mate with 
molting females. Stone crabs toler- 
ate wide fluctuations’ in salinity 
(Karandeyeva and Silva 1973). 
Mass movement of crabs of different 
Size groups may also help reduce 
intraspecific competition and canni- 
balism. 


Nondirectional movements refers 
to distribution that shows no con- 
Sistent pattern in time or space. 
This type of movement may be caused 
by a temporary increase in_ food 
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abundance, a strong showing of 
spawning females, or a decrease in 
larval predators. Water-quality dis- 
turbances such as abnormal turbu- 
lence from storms may provoke move- 
ments or influence food supplies. 
Such disturbances are reported to 
have a beneficial effect on fishing 
because highest catches usually fol- 
low "northers" which raise turbidity 
and lower water temperatures. Anpar- 
ently stone crabs move in response 
to these conditions, seeking sinelter 
in deeper, less turbid, and warmer 
waters, making them more vulnerable 
to the fishing. 


Stone crabs are carnivores that 
feed on all kinds of = shellfish, 
including members of their own spe- 
cies. The powerful claws of the 
crab serve as a shelicracker and a 
protective device against potentia! 
predators. Some of the marine ani- 
mals that feed on adult stone crabs 
are octopus, sea turtles, and the 
Florida horse conch  Pleuroplora 
gigantea (Bert et al. 1978). 








Adult stone crabs molt infre- 
quently with a minimum 6-month in- 
termolt period. Some researchers 
believe that stone crabs reach a 
terminal size beyond which no molt- 
ing or growth takes place. Tempera- 
ture and salinity are regarded as 
major external factors controlling 
the growth rate of crabs. Sexual 
activity also influences growtn and 
molting, particularly in the female. 
Growth in males is not affected by 
this activity, so they tend to be 
larger than females (Noe 1967, 
Cheung 1969, Savage 1971). 


The reproductive cycle of the 
stone crab under natural conditions 
is not well documented. Crabs ap- 
parently spawn in summer and fall in 
the north (around Cedar Keys), but 
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in the south (Everglades-Florida 
Bay) they spawn year round (Bender 
1971, Bert et al. 1978). The number 
of eggs produced is directly propor- 
tional to the size of the female, 
ranging from 160,000 to 350,000 {Noe 
1967). Females reach sexual maturity 
around 33.7 mm (1.3 inches) carapace 
width and may eventually reach 110 
to 120 mm (4.3 to 4.7 inches). 


Spawning behavior is described 
by Binford (1913) as follows: 


When a female is recdy to lay 
eggs, she assumes an upright posi- 
tion and holds the abdomen out from 
her body so that it and the exopods 
of the abdominal appendages form a 
basket into which the eggs are run. 
They there become attached to the 
hairs of the endopods of the append- 
ages and pass through the embryonic 
stages of their development, which 
requires nine to thirteen days. The 
eggs then hatch and _ the _ larvae 
escape. The female then cleans off 
the egg shells and their stalks from 
the hairs of the pleopods and, after 
one day to three weeks, she spawns 
again. Eight days is a very common 
length for the period between the 
hatching of one batch of eggs and 
the spawning of the next. 


Cheung (1969) estimates that an 
average of 4.5 spawns may take place 
between molts of the female. 


Molting and mating by female 
crabs take place soon after spawning 
stops (Noe 1967, Bender 1971). The 
reproductive cycle of the female 
tends to inhibit growth and molting, 
consequently females in the north 
tend to molt only in the cooler 
months of November through May. 
Growth of females may therefore be 
slow, inhibited by cooler water 
temperatures in the winter (Savage 
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1971) and ovarian development in the 
summer (Cheung 1969). Asingle mat- 
ing of stone crabs provides enough 
spermatazoa (stored by the female) 
for as many as thirteen spawnings 
(Cheung 1969). 


Unlike the pink shrimp, stone 
crab iarvae do not depend on nearby 
estuaries as nursery grounds. Maxi- 
mum growth and survival of crab 
larvae occurs in warm (30°C or 86°F) 
full-strength sea water (30-35 ppt). 
Adult females may try to move into 
this kind of environment to spawn, 
but where the shelf is extremely 
broad this may not be _ possible 
(Bender 1971). Larvae that hatch on 
the shelf are apt to be exposed to 
salinities and temperatures that are 
too high for optimal survival. Lar- 
vae and juveniles in the Everglades 
National Park may be mostly recruit- 
ed frcem offshore, due to the high 
mortality of locally spawned larvae 
(Bert et al. 1978). The metamor- 
phosis from hatching to true crab 
form takes around 6 weeks (Ong and 
Costlow 1970). 


Even as zoea and megalops, 
stone crab larvae are carnivous, 
feeding on smaller planktonic § ani- 
mals. As zoea they tend to remain 
near the surface, but as megalops 
they drop toward the bottom, perhaps 
in search of a place to settle. Dur- 
ing this phase, predation is high. 


Authors disagree about the dis- 
tribution and movement of juvenile 
stone crabs. Some_ investigators 
(Hay and Shore 1918) claim that the 
juveniles move inshore to warm bays 
and estuaries, whereas others claim 
they generally stay in deeper waters 


than those populated by adults 
(Williams 1965, Bender 1971). For 
reasons that are not at all clear, 
the salinity range tolerated by 
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stone crabs in the north appears 
broader than that reported in the 
south. 


Juvenile stone crabs do not 
burrow, but seek out shelter in the 
form of empty shells, oyster reefs, 
rock outcroppings, and seagrasses. 
Juvenile stone crabs feed on poly- 
chaetes, small bivalves, oyster 
drills, and epizooic fauna of sea- 
grass blades (Bert et al. 1978). 
Major predators of juvenile crabs 
are the mud crab, Neopanope texana, 
and bottom-feeding fishes of the 
Serranidae family, such as_ the 
grouper and black sea bass. 





Before leaving the subject of 
decapods, it is’ interesting’ to 
briefly contrast the life history 
and environmental preferences of the 
stone crab and the blue crab (Cal- 
linectes sapidus). Within broad 
boundaries the blue crab and stone 
crab are similar species. Migratory 
patterns of both involve movement to 
warmer waters as water temperatures 
change with the’ seasons. Larval 
development and trophic preferences 
are similar, although stone crabs 
appear to be more singularly carniv- 
orous. 





The one overriding difference 
between the two species of crab is a 
geographic one. The blue crab lives 
much closer to shore than the stone 
crab at the same life stage. Blue 
crabs frequently inhabit shallow, 
murky tidal creeks during the sum- 
mer, but stone crabs are found more 
often in shallow grass beds, where 
water conditions are_ relatively 
stable. Management should consider 
that these two similar species 
coexist over a broad geographic area 
by utilizing, at least partielly, 
different habitats at different 
times. Other aspects of the two 
species and their mutual environment 


which may contribute to their use of 
a common resource are differences 
in reproductive timing and fecundi- 
ty, behavioral characteristics that 
favor greater survival at all life 
stages, relative intensities of 
predation, osmoregulatory capabili- 
ties, and trophic differences. 


Other important benthic inver- 
tebrates in the southwest Florida 
estuaries are the isopods, amphi- 
pods, mollusks, echinoderms, and 
polychaetes (Carter et al. 1973; 
Evink 1974; Yokel 1975, 1979; ESE 
1978b). Two studies in particular 
analyzed the characteristics of the 
entire benthic community. Yokel 
(1979) divided the Napizes Bay commu- 
nity into recurrent groups and other 
indices, which provided a basis for 
comparing sampled sites within the 
bay system as well as with control 
sites in Dollar Bay. Evink (1974) 
compared benthic community diver- 
sities and species composition in 
a channelized (Fanka Union Bay) 
and a "natural" estuarine system 
(Fahkahatchee Bay). 


In Naples Bay 13 recurrent 
groups of benthic fauna (Table 38) 
were identified from monthly samples 
collected at 38 stations. These 
groups consist of animals (or taxa) 
that tended to be found with one 
another. These groups apparently 
react to similar physical, chemical, 
and biological factors and distrib- 
ute themselves accordingly. 


Analysis of spatial and tem- 
poral’ distributions of recurrent 
groups revealed a variety of benthic 
environments in Naples Bay. These 
environments were ranked by _ the 
frequency of recurrent groups (Table 
39). The higher the average number 
of recurrent groups the more "use- 
ful" the habitat to the total commu- 
nity. Two other measures of benthic 
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Table 38. Recurrent groups of benthic fauna in Naples Bay (adapted from 
Yokei 1979). 
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Recurrent Group Contro! Lower Cana rib. Canal Gordon 
Season Station Bay Be « Station Troughs River 
Group |! 
Nemertea ({Phy!um) Spionidae (Polychaeta) Year round, x x x x 1 x 
Sabellidae [Polychaeta) Phy! lodocidae (Polychaeta) some 
Capitellidae (Polychaeta) Lumbrinereidae Selasiannal oscillation 
Gammaridae (Crustacea) Cirratulidae (Polychaeta) peak in 
Tellina versi- Orbiniidae (Poiychaeta) fall 
color (Mol !usca) 
Group 2 } 
Abra aequalis (Mo: lusca) ‘Macoma tenta (Mollusca) x x x 
Maidanidae (Polychaeta) Sigalionidae (Polychaeta) 
Parvalucina multilineata (Mo! lusca) 
Group 3 
Crassostrea virginica (Mollusca) Year round XK x 
Balanus eburneus (Crustacea) with peak 
Eurypanopeus depressus (Crustacea) in fall 
Group 4 
Nematoda (Phylum) Year round, 
Parergodrilidae (Polychaeta) peaks in x x x x x x 
Nereidae (Polychaeta) fall months 
Group § 
Terebellidae (Polychaeta) Year round, x x x x x 
Sipunculida (Phylum) peaks from 
Glyceridae (Polychaeta) December to 
April 
Group 6 
Asthaenothaerus hemphilli (Mo! lusca) July x x x x 
Cyclinella tenuis (Mollusca) through 
November 
Group 7 
Gastrochaena hians (Mollusca) Low x xX x 
Polyplacophora (Mollusca) frequency 
from 
February to 
November 
Group 8 
Mysidacea (Crustacea) Highs in x Xx xX x 
Cumacea (Crustacea) May, July, 
November 
Group 9 
Lithophaga bisuwticata (Mollusca) Narrow x 
Crepidula aculeata (Mollusca) range of 
suitable 
Salinity 
and sub- 
strate 
Group 10 
jJaspidella blanesi (Mollusca) Year round x Xx x 
Nucula aegeenis (Mo! lusca) at low 
levels 
Group 11 
Branctiostoma caribeaum (Chordata) Year round Xx X x 
Tagelus divisus (Mollusca) at tow 
levels 
Group 12 
Diplodonta sp. (Mollusca) Heavy in * x » xX 
Oweniidae (Polychaeta) $ urrme Fr 
Group 13 
Trichobranchidae (Polychaeta) Peaks in x x x x 
Corbula sp. (Mollusca) summer 
may be 
absent in 
winter 
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Table 39. Benthic habitat ranking in 
Naples Bay based on average number 
of recurrent groups, abundance and 
diversity of fauna (adapted from 
Yokel 1979). 


Awerage 9 














community structure, animal density 
and diversity, showed similar trends 
in ranking of environments. The 
control station in Dollar Bay ranked 
as the most useful and supported 


nearly twice as many recurrent 
groups as the best location’ in 
Naples Bay. In Naples Bay, useful- 


ness declined from a peak in the 
lower bay to the tributary stations 
to a low in the Gordon River. Within 
the canals, the berms were clearly 
more useful than the deeper troughs 
(Table 40) although there was anoth- 
er definite gradient extending out 
of the canals as well. Both canal 
berm and trough benthic environments 
declined in usefulness teward the 
upper ends of canals. 


Table 40. Benthic habitat ranking of 
canal troughs and berms based on 
average number of recurrent groups, 
abundance and diversity of fauna 
(adapted from Yokel 1979). 





Average number 
of recurring 
groups per 
station 


Average 
density 
per 

station 


Average 
diversity 
per 
station 


Sampling 


area Position 





2.48 
2.6 
1.33 
0.84 


(1) $58 (1) 


3 (1) 
2 (2) 255 (2) 

5 

7 


(2) 
(3) 
(4) 


Bay 45. 
Mouth 28. 
Middle 9. 
End 2. 


Canal 
Trough (3) 137 (3) 


(4) 28 (4) 


198 2.55 
(2) 198 (1) 2.38 (2) 


(3) 120 (3) 2.05 (3) 


Mouth 43.5 
Mid 30.2 


End 20.0 


(1) (1) (1) 


Canal 
Berm 








=v . ‘ . ‘ 
nunders in parenthesis refer to ranking within coiumn 
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In Fahka Union and F ahkahatchee 
Bays, Evink (1974) described dif- 
ferences in the benthic community 
diversity and biomass of the two 
bays (Table 41). Slightly lower 
diversities were reported from Fahka 
Union Bay and considerably lower 
average biomass was found on mud, 
sand, and shell substrates. High 
diversities of benthic invertebrates 
were apparent in both estuaries in 
March and August. Low diversities 
in December probably better reflect 
he true resident populations. 


The three major ecological dif- 
ferences between the two bay systems 
that may account for differences 
in benthic invertebrate composition 
and abundance are salinity, plant 
cover, and sediment composition. 
The abundance and density of pink 
shrimp, blue crab, and grass shrimp 
was greater in Fahkahatchee Bay 
(Table 41). 


7.3 FISHES 


7.3.1 Freshwater Fishes 





The freshwater fishes of the 
Caloosahatchee River/Big Cypress wa- 
tershed are a mix of northern fresh- 
water species, marine species, and 
exotics. 


In addition to southward move- 
ment of some freshwater fish spe- 
cies, marine invasions are biogeo- 
graphically limited by the _ location 
of the peninsula within the Caro- 
linian and near-tropical marine pro- 
vinces. The third factor influencing 
the composition of the freshwater 
fauna is considered a function of 
recent rather than _ geological his- 
tory, or biogeographic origins. 


According to Kushlan and Lodge 


(1974), the freshwater fauna of 
south Florida consists of 108 spe- 
cies of fishes from 34 _ families 
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Table 41. Differences in benthic community structure and species composition 
between Fahka Union and Fahkahatchee Bays (adapted from Evink 1974). 















































Composition Composition Bi anais Diversity 
by Number (%) by Bianass [%) (Avg. gm dry egitim?) inden 
FAHKA UNION BAY 
Arp ripoda 65 Alpheus spp. 13 
Polychaeta 15 Tellina spp. 17 
Palaemonetes spp. 7 Crassostrea virginica 15 
Isopoda 4 Kanthids (crabs) WW rm 6 1.78 + 0.78 w= 0.67 
Tellina spp. 2 Polychaeta 6 sand 1.80 + 1.10 —E «= 0.39 
Alpheus spp. 1 Palaemonetes spp. 6 shell 2.37 * 1.70 
Crassostrea virginica 1 Amphipoda 3 ~ 
Kanthids (crabs) «1 Penacus spp. 1 
Penacus spp. «1 isopoda 1 
Mysids <1 Callinectes sapidus «1 
Catlinectes sapidus <1 Mysids <1 
F AMKAHATCHEE Bay 
Amp hipoda 17 Kanthids (crabs) 21 
Palaemonetes spp. iB Palaemonetes spp. 18 
Polychacta 7 Aipheus spp. & 
Isopoda 4 Tellina spp. 7 rw i 2.60 + 65 H = 0.85 
Tellina spp. 2 Penacus spp. 5 sand 2.92 + 1.89 E* 0.49 
Alpheus spp. 1 Cailinectes sapidus 4 shel! 2.79 ¢ 97 
Penaeus spp. 1 Polychaeta 5 
Ostracoda 1 Avcidiacea 1 
Kanthids (crabs) <1 Amphipoda 1 
Ascidiacea <1 Isopoda <1 
Callinectes sapidus <1 Ostracoda <1 
{Table 42). A number of the species salinity of inland waters is fre- 


listed may not actually be found in 
the watershed because the list in- 
cludes all species from al! habitats 
in southern Florida. Some species 
may be restricted to the coastal 
canals of southeastern’ Florida. 
There is an apparent biogeographic 
difference between eastern and west- 
ern south Florida that affects the 
localized distribution of selected 
species (Kushlan and Lodge 1974); 
however, a general paucity of sys- 
tematic studies of the freshwater 
fishes makes it difficult to delin- 
eate species distribution. 


Among the principally marine 
species that may be found in fresh- 
water, many are recognized as estu- 
arine inhabitants. In south Florida, 
where land slopes are low and rain- 
fall seasonal, the estuarine transi- 
tion zone is both broad and season- 
ally mobile. This creates a zone 
where the salinity gradient is 
spread out over a relatively wide 
area. In addition, the background 
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quently in the oligohaline (or near 
oligohaline) range due to contact 
with residual salts from past inva- 
sions by shallow seas (Odum 1953). 
These factors, i.e., distance to 
seawater over an extended gradient 
and high residual chlorinities, are 
believed to facilitate the invasion 
of freshwaters by euryhaline marine 
species (Odum 1953). Another factor 
which may aid such invasions is 
the high concentration of calcium 
(Ca**) in Florida  freshwaters 
(Hulet et al. 1967). High levels of 
Catt inhibit salt loss and water 
gain in marine fishes, which helps 
them osmoregulate in less saline 
environments. 


Some principally marine species 
such as the tarpon (Megalops atlan- 
tica), American eel (Anguilla ros- 
trata), and mullet (Mugil spp.) oc- 
casionally move far inland via ca- 
nals and rivers, whereas others such 
as the croaker (Micro n undula- 
tus), red drum (Sciaenops ocellata), 














Table 42. Freshwater fishes of southern Florida (adapted from Kushlan and 


Lodge 1974). 





LEPISOSTIONE (PRimaRY) 


Longrese gar 
{(Lepisostees ossews ) 
Fieriés gar 


fi. pletyr hinces) 





W/O (PRIMARY) 


Boefin 
(amie catwa) 


(SDA (PRIMARY) 


Redfin picteret 
{ison gamer icanes) 
Chain pictere! 


(k- siger) 


CYPRINIDYL (PRIMARY) 





Redeye chub 


(Mybepsis harperi) 
feolden shiner 





(Notemi gones <tysoleucas) 





lron cooler shiner 
(Notropis chal ydaeus } 
Pugnose monroe 


(Notropis emi tiae) 


Coastal shiner 
{N. peterson!) 

Tartlight shiner 
(M- mecetetes) 





1CTALURIDAL (PRIMARY) 


White Catfish 
(tctalteres cates) 








Yellow tel (head 
{t. matatis) 

Breen btu! head 
(t. sedslosws) 


CYPRIMER PVT (DSL (| SECO PEDeRY) 


Sheepshead mi nnoe 
(Cypt i wedeos wart legates) 
Gotdspotied tillitish 
(Fieridichityvs carpio) 
Golden topm once 


(Fendulus chr setes) 
Banded topmineve 


(f. ciegeteter) 
Maresh biltifien 

(Ff. cont iventes) 
Semi ole bittitiat 

if. seminotis) 
Fiagtisr 

(jordanetia fier idae) 
Biwefin bittifianh 

(Lecania goode: | 
Ralowater biltiftien 


(kh. petra) 
PORECILIIDAE | SECONDARY) 











Pike bITTI Pian 
(Beloresoe bel leanes) 
Moseulte fier 
(G ie aftints) 
Least billifieh 
(Meterandria formosa) 
Saliftia awptty 
(Poeciiia tatipinns) 
Green sewordtail 


‘Mi phophorys hetteri) 














Veriabiec platytist 
ia. var tates) 
Chenme! Cattiat 


fi. per<ctetes) 


ladpele ~~. Clow 
(“etwras gy! 'nes) 

Spectieod wm dt om 
iw. leptacant hes ) 





CATOS TOMI DAL (| PR ImAY | 


Late chePeocter 
(trivy zen secetta) 





CENTRAPOMIDAL (| PRIMARY) 


tvergieées pygmy sentish 

(Llassome evergiade: ) 
Biwespotted sunfish 

(Lawmescanthes giorioses) 
Warmouth 

(Lepomis gutesus) 
Biwvegit! 

{L. mactechiras) 
Deltar sunt ish 

(L- merginatas) 
Redear suntich 

(kL. micrtelophys) 
Spotted sunfish 

(k- peneteter) 
Largemouth Bass 

(Mictopteres sein des) 
Black crappie 

(Pamests olgromacetates) 

















PERC I DAE ( PR MARY) 


Swamp Garter 
(Etheos tome fusiforme) 





are Oe eee re mary 


Pirate perch 
[Ap hreGederes a7 enw | 





Oat (sore) 


Walting Cattien 
(‘Clartas batt eahes ) 





Crom 10el | ECP) 


Oscar 

[Astrometes ocellates) 
lack 

(Cichlisasvomse Dimecet atu) 
Comeict cichiia 

(+ migretase tater) 














c. mctotasciatem) 
jewel fiat 


(Hemich+ amis bemecelates) 
MeorarnPiqwe tilapia 
it. mossambica) 





ATHERINIDEE (PLRIF Cem | 


Brook silwerside 


(Laebidesthes piecwlus) 


QCUPLIDAL (PERI Pr RA ) 


Giirard Shed 
(Derosome cepe di anu) 
Threadtin Shad 


(0. petenense) 








and ladyfish (Elops 
rarely found in anna ine waters, 


saurus) are 


at least in south Florida. 


Since the marine species in the 
Caloosahatchee River /Big Cypress wa- 


tershed tend to concentrate 
discussion 


estuaries, this 


in the 
is focus- 


ed on freshwater species listed in 


Table 42. 
tional 


waters, there is 


nature of fauna 
some overlap be- 


Because of the transi- 


in brackish 


‘ 


tween the discussions of freshwater 


and marine fishes. 


Of the 34 families of freshwater 


fishe > 


fin (Amiidae), 
cidae), 
the suckers 
catfishes 


fishes (Centrachidae), 


of south Florida, 
are obligatory freshwater 
the gars (Lepisostideae), the 


the shiners 


only ten 
families: 


bow- 

the pickerels (Eso- 
(Cyprinidae), 
(Catostomidae), the 
{Ictaluridae), the sun- 
the perches 


(Percidae), the Loricaridae, and the 
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Aphredoderidae. Of these families 
only the first eight are reported in 
the watershed (Kushlan and Lodge 
1974). Three families that have 
only secondary relat ‘ships with 
freshwater also contribute an abun- 
dance of species to the fauna. These 
are the killifishes (Cyprinodonti- 
dae), the live bearers (Poecilidae), 
atid the Cichlids (Cichlidae). These 
turee families contribute 7, 3, and 
6 species to the south Florida 
fauna, respectively. The tropical 
Cichlidae, however, tend to be much 
more prevalent on the east coast, 
where they are periodically released 
or escape from aquaria into exten- 
sive canal networks. Two families 
classified as peripheral to fresh- 
water, the Clupeidae and the Ather- 
inidae, contribute 2 and |! species, 


respectively. 


Freshwater fishes occupy at 
least nine different habitats common 
to the watershed. These include 
ponds, lakes, streams, canals, 
cypress domes and strands, marshes, 
prairies, river channels, and ox- 
bows. These habitats may be broken 
down even further based on seasonal 
factors such as deep marsh and shal- 
low marsh, and seasonal or permanent 
ponds. Water quality, flora, and 
topographic distinctions of similar 
sites may also influence site suit- 
ability for certain species; for 
example, whether a stream flows into 
mangrove or cypress swamps; whether 
a pond is associated with a marsh or 
a cypress dome; whether cattails or 
overhanging trees dominate an oxbow 
lake; and whether canals are deep 
with steep banks or shallow with 
sloping banks. Representative spe- 
cies of each of the eight major 
freshwater families are discussed 
first in terms of general habitat 
preferences and other ecological 
characteristics, followed by a 
discussion of the secondary and 
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of the standing crop of fish 


peripheral families to the fresh- 
water habitats of the watershed. 


The gars are 


tidae. 
represented by two species, the 
osseus) 


longnose gar (Lepisosteus 
and the far more common Florida gar 


{L. platyrhincus). The Florida gar 
lives in nearly all aquatic habi- 
tats such as lakes, canals, marsh 
sloughs, ponds, cypress swamps, and 
even wet prairies during prolonged 
high water. During high water, they 
may even move into the mangrove 
swamps (Kushlan andLodge 1974, Odum 
et al. 1982). The longnose gar 
appears to be restricted to Lake 
Okeechobee. Hunt (1960) reports 
that the Florida gar may reach con- 
centrations of 80.1 kg (178 Ib) per 
acre in shallow canals, making it 
second only to the bowfin in biomass 
per acre and first in numbers of 
individuals per acre. The gar pos- 
sesses an air bladder that retains 
a wide connection to the pharynx. 
This bladder is an essential part of 
their respiratory system, allowing 
them to live in oxygen-starved, 
stagnant waters. The gar feeds on a 
variety of living and dead animal 
matter, especially fish (Eddy 1969). 
They constitute a major portion of 
the diet of the American alligator 
{Alligator mississippiensis), (Fo- 
garty 1974). A particularly useful 
adaptation of the gar is the tox- 
icity of its eggs to warm-blooded 
vertebrates (Eddy 1969). 








Amiidae. The bowfin (Ania 
calva) constitutes a major portion 
in 
shallow canals (approximately 598 
kg/hectare or 534 Ib/acre), accord- 
ing to Hunt (1960). This species is 
noted for its adaptability to fluc~ 
tuating water levels such as those 
in the Big Cypress watershed. Like 
the yar it is a widespread species 
that occupies a variety of habitats 








from shallow marshes to canals to 
oxbow lakes (Kushlan and Lodge 1974, 
SFWMD 1980). During extreme 
droughts adult bowfin burrow into 
the moist peat soils and apparently 
are capable of entering a state of 
prolonged aestivation to survive dry 
conditions (Dineen 1974). 


In addition, the bowfin {or 
freshwater dogfish) retains a con- 
nection between the air bladder and 
the pharynx which enables it to use 
the air bladder as a respiratory 
organ. in stagnant waters where low 
oxygen may be limiting for other 
fishes, bowfin can rise to the sur- 
face to take in air. They feed 
primarily on small crustaceans and 
fishes. 


Esocidae. wo species, th 


redfin pickerel (Esox americanus) 
and the chain pickerel (E. niger), 
represent this family in south 
Florida. From al! indications thes+- 
two species exist in a variety o7 
the study area's habitats such as 
shallow marshes, lake margins, and 
canals, although neither species has 
yet been reported from marshes in 
the study area (Dineen 1968, Kushlan 
and Lodge 1974, Crowder 1974). In 
contrast, estimates of standing crop 
in four habitats in Lake Okeechobee 
show considerable numbers of chain 
pickerel in this habitat (Ager 
1971). Others (Dineen 1968, Kushlan 
and Lodge 1974, Duever et al. 1979) 
have reported E. niger in the con- 
servation areas to the west, the 
Tamiami Canal, and the Everglades 
National Park surrounding the study 
area. Thus it seems likely that at 
least the chain pickerel exists 
within the study area. 





Like all members of the pike 
family, the chain and redfin picker- 
el are voracious carnivores, consum- 


ene AVAILABLE 


164 


ing almost any fish smal! enough to 
eat. Of the two, the redfin is 
smaller, reaching a@ maximum size 
of about 0.3 m (12 inches). The 


chain pickerel may reach 0.6m 
{24% inches). 
Cyprinidae. The five major 


species of minnows are the golden 
shiner (Notemigonus crysoleucas), 
the ironcolor shiner (Notropus caly- 
baeus), the pugnose minnow ( Notropus 
emiliae), the taillight — shiner 
(Notropus maculatus), and the coast- 
al shiner (Notropus petersonii). 
Two of these species (N. calybaeus 
and N. emilise) are reported only in 
Lake Okeechobee, whereas the other 
three are common throughout south 
Florida. The largest of the five is 
the golden shiner, which may reach 
2°-25 cm (9-10 inches) in length. 


As a group, "he minnows play a 
ey role in the transfer of energy 
and materials within aquatic ecosys~- 
tems. As omnivores they consume 
vegetation, detritus, and  micro- 
scopic animal life; they are preyed 
upon by a wide variety of important 
predators including other fish, 
mammals, and reptiles. Minnows 
are not especially well adapted to 
fluctuating water conditions and 
tend to be among the species most 
rapidly eliminated during fish kills 
{Kushlan 1974). 


Catestomiden. = The sucker 
family (Catostomidae) is represented 


by one species, the lake chubsucker 
{Erimyzon succetta). This species 
is widely distributed in freshwater 
mangrove swamps, canals, ponds, 
Sawgrass marshs, wet prairies, and 
cypress sloughs and ponds (Kushlan 
and Ludge 1974). The lake chub- 
sucker is omnivorous, feeding on 
plant and animal matter gleaned 
largely from bottom sediments. 





igo 





ictaluridae. The freshwater 
catfish (Ictaluridae) in south Fior- 


ida are the white catfish (!ctalurus 





catus), the yellow bullhead (Ictalu- 
rus natalis), the brown bullhead 
{Iictalurus nebulosus), the channel 
catfish (Ictalurus punctatus), the 
tadpole madtom (Noturus gyrinusj, 




















and the speckled madtom (Noturus 
leptacanthus). The sea _ catfish 
(Arius felis) and gafftopsail 


(Bagre marinus) belong to the family 
Ariidae, and are principally marine 
species. 


Members of the catfish family 
are usually omnivorous and noctur- 
nal, feeding on a variety of animal 
and vegetable matter that they lo- 
cate with their barbels. Because of 
this habit, they tend to do well in 
murky or colored water in_ which 
visual prey selection is difficult. 
The white catfish and channe! cat- 
fish are most frequently found in 
open waters (Lake Okeechobee) anc 
channels (Caloosahatchee’ River). 
The smaller bSullheads and macitoms 
are found in these habitats as well 
as shallow ponds, sloughs, and 
mangrove swamps (Kushlan and Lodge 
1974). 


The 
waters, 
that helps 


Ictaluridae prefer deep 
which may be one _ factor 
them survive periodic 
droughts. Kushlan (1974) points out 
that the yellow bullhead's blood 
hemoglobin exhibits a high affinity 
for oxygen and a smal! Bohr effect 
(i.e., the ability to unioad 0) to 
tissues when CO, partial pressure 
is high). These fishes generaily 
spawn in spring or early summer by 
depositing their eggs in a depres- 
sion or cavity. After hatching, the 
male guards and cares for the young 
for several weeks. 
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Centrarchidae. The freshwater 
sunfish family consists of the Ever- 
glades pygmy sunfish (Elassoma ever- 
glades), the blue spotted sunfish 
(Enneacanthus gloriosus), the war- 
mouth (Lepomis gulosus), the blue- 
gill (L. macrechirus), the _ dollar 
sunfish (L. marginatus), the redear 
sunfish (L. punctatus), the large- 
mouth bass (Micropterus salmoides), 
and the biack crappie (Pomoxis 
nigromaculatus). Many of these 





























species are popular sport fish. 


Generally speaking, the sun- 
fishes are predators of other small 
fishes, crustaceans, insects, and 
benthic organisms. They thrive in 
heavily vegetated ponds, canal mar- 
gins, and sloughs where prey tend to 
concentrate. The sunfishes adapt to 
fluctuating water levels wy retreat- 
ing into deeper waters; consequent- 
ly, during droughts, bass and sun- 
fish concentrate in shrinking canals 
and water holes. Of the nine species 
of centrachids, the Everglades pygmy 
sunfish is the most divergent. About 
3.8 cm (1.5 inches) long, it lives 
almost exclusively on or near the 
bottom. 


Percidae. The swamp darter 
(Etheostoma fusiforme) the cniy 
south Florida representative of this 
family. It is a small, common bot- 
tom-dwelling fish reported from Lake 
Okeechobee to the Big Cypress swamp 
(Kushlan and Lodge 1974). Like al! 
Percidae it is highly predaceaous, 
feeding on small insects and crusta- 
ceans (Eddy 1969). 





is 





Cyprinodontidae. Cyprinodonts 
and Poeciliads, which are not 
obligatory freshwater families but 
secondary invaders, are represented 
by 11 species. Of seven species of 
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fish that Dineen (1972) believes 
make the Everglades "tick", five are 
from: these two families. Seven 
species of Cyprinodonts and _ three 
species of Poeciliads are native to 
south Florida. 


Members of the killifish family 
found in the watershed are the 
sheepshead minnow ( Cyprinodon varie- 
gatus), the golden topminnow (Fundu- 
lus chysotus), the banded topminnow 
(F. cingulatus), the marsh killifish 
(F. confluentus), the seminole 
killifish (F. seminolis), the flag- 
fish (Jordanelia floridae), and the 
bluefin killifish (tucania goodei). 
Killifish are generally euryhaline 
and adapt well to fluctuating water 
levels. Because of their small size 
they live in shallow waters and may 
even invade underground channels in 
bedrock limestone during low water. 
The upturned mouths of many of the 
killifishes can be used to extract 
oxygen from the thin surface layers 
of shallow ponds when deeper waters 
are devoid of oxygen (Carr 1973, 
Kushlan 197%ta). 























The k \ifishes are a fundamen- 
tal ecological link between primary 
producers and_ trophically higher 


fish and wildlife species. Their 
diet consists of a mixture of plant 
and animal tissue ranging from peri- 
phyton to insect larvae. Killifish 
are preyed upon by sport fishes such 
as sunfish and bass, and wading 
birds such as woodstork and white 
ibis. They rapidly invade newly 
flooded marshes, prairies, and mar- 
ginal wetlands, where they become a 
new source of food. 


Poeciliadae. The topminnows 
or live bearers are represented by 
the ubiquitous mosquito fish (CGam- 
busia affinis), the least. killifish 
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(Heterandria formosa), and the sail- 
fin molly (Poecilia latipinna). The 
mosquito fish and _ sailfin moliy are 
euryhaline and occupy a range of 
habitats from lake margins to salt 
marshes. The least killifish is 
abundant in shallow marshes, prai- 
ries, and freshwater pockets within 
mangrove swamps. They seldom in- 
habit brackish waters. Accerding 
to Kushlan and Lodge (1974), this 
species prefers thick emergent or 
submerged vegetation. 








Topminnows feed primarily on 
small insects, crustaceans, and 
attached periphyton. They protect 
their eggs from _ dessication by 
internal fertilization and develop- 
ment. The female carries the devel- 
oping eggs until they hatch and the 
young emerge alive. 


Atherinidac. The silversides 
are a family peripheral to fresh- 
waters. The brook silverside (Labid- 
esthes sicculus) prefers freshwater 








and inhabits open canals, clearwater 
ponds, and deep cvpress sloughs from 
Lake Okeechobee and the Caloosa- 
hatchee River south to the southern 
Everglades (Kushlan and Lodge 1974). 
The tidewater’ silverside, Menidia 
beryllinia, is an important = estu- 








arine prey species. 


Clupeidae. The herring family 
is also peripheral to freshwaters. 
Only two of four species live prin- 
cipally in freshwater. They are .4e 
gizzard shad (Dorosoma cepedianum) 








and the threadfin shad (D. pete- 
nense). These fish tend to flourish 
in canals, rivers, channels, and 
open waters where they feed on 
plankton and algae. Although con- 
sidered freshwater species, they 
may frequent brackish waters as 
well. 








Community Dynamics. Factors 
affecting the composition of the 
freshwater fish community in south- 
west Florida are fluctuating water 
'-vels, predation, geographic loca- 
tion, and habitat alteration. 





When water levels remain high 
for an extended time, larger preda- 
tory fish move into refuges pre- 


viously safe from carnivores, and 
the smaller fish disperse into the 
new shallows (Kushlan 1976a). The 


increased habitat space permits the 
expansion of the fish population. As 
water levels drop, many fish return 
to deeper waters such as_ shallow 
depressions, wet season ponds, alli- 
gator holes, sloughs, and channels. 
Continued decreases in water levels 
concentrate physical, chemical and 
biological materials and may even- 
tually cause a fish kil! or feeding 
frenzy. Fish kills are caused by an 
increased concentration of nutrients 
that stimulate algal blooms and sub- 
sequent decomposition of the plank- 
ton biomass depletes the dissolved 
oxygen. Another cause of fish kills 
is when soupy organic ooze (muck) in 
marshes and swamps, suspended by 
high waters, concentrates into a 
water/mud mixture and_ suffocates 
fish by lowering the DO or clogging 
the gill filaments (Crowcer 1974). 
A feeding frenzy occurs in response 
to an increased density of prey 
which allows easy and heavy preda- 
tion by fish, birds, turtles and 
alligators. The predation does not 
usually endanger the fish population 
as much as a fish kill. Kushlan 
(1974a, 1976a) examined the effects 
of the fish kill and the feeding 
frenzy on the fish population's bio- 
mass and diversity in the watershed. 
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A mixture of wading birds was the 
domiriant predator of a _ feeding 
frenzy that consumed about 75% of 
the fish biomass but did not elimi- 
nate any species. A fish kill 
caused by low oxygen, on the other 
hand, destroyed 93% of the fish 
(biomass) and eliminated 20 of 26 
species from the local population 
(Kushlan 1976a). 


In addition to fluctuating 
water levels and predator-prey in- 
teractions, fish community composi- 
tion differs geographically. To the 
south, aquatic habitats are primar- 
ily “natural" and include’ dwarf 
cypress ponds, seasonal marshes and 
wet prairies, bald cypress strands, 
ponds, and sloughs. To the north, 
canals such as those in Golden Gate 
Estates are prevalent. Usually 
these canals are relatively shallow 
and heavily vegetated with aquatic 
plants. Compared to natural waters 
further south, these canals have 
longer hydroperiods, different plant 
composition, and a difference in 
water quality; consequently, the 
fish species and abundance are dif- 
ferent. Even further north, strands 
such as those in Corkscrew Swamp, as 
we'l as Lake Trafford and Deep Lake, 
are different and support a somewhat 


different fish compusition. Also, 
to the north of the watershed, 
aquaiic habitats are agricultural 
canals, oxbows, river channels, and 
residential canals, many of which 
are intensively maintezinec for irri- 
gation, flood control, navigation, 
and public water supply. They 
exhibit another set of physical/ 
chemical! characteristics and d 


different fish community. 


’ 
_ 
i. 








The fourth major factor affect- 
ining fish composition and abundance 
is habitat alteration. Destruction 
of littoral zones, plant removal, 
channel dredging, contaminated run- 
off from agricultural lands = and 
urban centers, and the drawdown of 
Shallow aquifers are major examples 
of habitat alteration. Habitat 
alterations may also be_ affected 
indirectly by opening undisturbed 
waters to invasion by exotic plants 
and fishes. Roadside ditches pro- 
vide a convenient corridor’ for 
transporting species across former 
obstacles. In at least one case, 
the introduction of a new species 
was profitable. Lake Trafford was 
once noted for poor fishing, but 
soon after it became infested with a 
healthy growth of hydrilla the abun- 
dance of large-mouth bass increased 
Sharply (SFWMD 1980). Mcst other 
examples of habitat aiteration are 
negative. In the Caloosahatchee 
River, there is little chance of 
establishing a viable’ freshwater 
fishery because of tne magnitude and 
persistence of habitat alteration 
(Ogilvie 1965). 


Intentional and accidental in- 
troductions of new fish species has 
changed the fish populations in the 
watershed. One particular example 
of change is the pctential competi- 
tion between members of the native 
sunfish family (Centrarchidae) and 
the generally tropical family Cich- 
lidae (Kushlan and Lodge 1974). The 
latter, which are aquarium fish that 
have escaped, are the oscar (Astro- 
notus ocellatus), the black acara 
(Cichlasoma bimaculatum), the jack 
dempsey (C. octofasciatum), the 
convict cichlid (C. nigrofasciatum), 
the firs mouth (C. mecki), and the 
jewelfish (Hemicnromis bimaculatus). 

















One cichlid, the tilapia (Tilopia 
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mossambica), is being cultivated on 





fish farms for profit in Hendry 
County (M. Edemoff, personal commu- 
nication). Kushlan and Lodge (1974) 
characterize their concern over the 
spread and impact of the cichlids as 
follows: 


Six of the species of exotic 
fish currently established in south- 
ern Florida are members of the trop- 
ical secondary’ freshwater family 
Cichlidae, a_ highly diversified 
group considered to be in many ways 
the ecologica! counterpart of the 
centrarchids. Members of this family 
are generally wel! adapted for sur- 
vival in the Everglades and Big 
Cypress Swamp due to their ability 
to withstand drought, their highly 
developed system of parental care 
and their general aggressiveness. 
The Centrarchidae on the other hand 
comprise a primary freshwater family 
which reaches the extreme of its 
range in southern Florida in habi- 
tats characterized by seasonal 
drought to which the family is poor- 
ly adapted (Kusiilan 1974a). It is 
anticipated that the spread of cich- 
lids will be at the expense of the 
native centrarchids. The range ex- 
pansion of Cichlasoma bimaculaiium, 
already widespread throughout south- 
ern Florida, was aided by its toler- 
ance of brackish water and its use 
of the extensive canal system of the 
interior. The future of both the 
exotic end native fish fauna of 
southern Florida should be a matter 
cf concern. 





7.3.2 Estuarine and Marine Fishes 





Marine and estuarine fishes of 
southwest Florida have been grouped 
into four community types based on 
salinity, detritus and _ substrate 
(Odum et al. 1982). These are black 





mangrove basin forest, riverine 
fringing community, estuarine bay 
fringing community and oceanic bay 
fringing community. Representative 
species for each of the four commu- 
nities and characteristics that 
define each community are given in 
Figure 81. 


The euryhaline killifishes 
(Cyprinodontidae) and _ livebearers 
(Poeciliidae) are the dominant fish- 
es of the black mangrove forest. 
The waters there are shallow and the 
mud substrate is high in hydrogen 
sulfide and low in dissolved oxygen 
(0 to 2 mg/!). The survival of 
these fish in such waters is depen- 











(e.g., live bearing). Other impor- 
tant fishes of mangroves are _ the 
mosquitofish, marsh killifish, 


sheepshead minnow, sailfin molly, 
flagfish, and rainwater kLillifish. 


One of the distinguishing char- 
acteristics of these ffisn is that 
they complete their life cycles in 
the same waters. As a group, they 
represent an important trophic link 
for many cther fish and_ wildlife. 
Locally they are top carnivores, but 
they also feed on mangrove detritus 
and algae. During high water, fishes 
of the mangrove community may move 
downstream where they become the 
prey of larger fishes such as snook, 























dent upon their high tolerance to tarpon, ladyfish, Florida gar, and 
low oxygen concentrations, their mangrove snapper. During low water 
efficient osmoregulatory system, they tend to concentrate in receding 
and their type of parentai_ care pools and ponds where wading birds 
1) rivulus 4) juvenile sheepshead 7) silver perch 10) lemon shark 
2) mosquito fish 5) tidewater silverside 8) pig fish 11) quid spotted killifish 
3) marsh killifish 6) sheepshead minnow 9) bileckcheek tongue fish 12) southern stingray 
7) 
WJ 
= 
zs ea 
on 1 fed 
= 
a 
12 
O 
= 
” 
u. BLACK MANGROVE RIVERINE FRINGING ESTUARINE BAY OCEANIC BAY 
BASIN FOREST COMMUNITY FRINGING COMMUNITY FRINGING COMMUNITY 
HIGH «<— SALINITY VARIABILITY > LOW 
HIGH +— RELATIVE IMPORTANCE OF MANGROVE DETRITUS IN FOOD WEB —> LOW 
MUDOY HIGH ORG4WIC << SUBSTRATE ~~» LARGELY SANDY 
GRADIENTS 


Figure 81. Continuum of mangrove environments and associated fish communities 


(adapted from Odum et al. 1982). 
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such as herons, egrets, white ibis, 
and woodstork feed on them. 


The riverine fringing community 
supports a larger number and wider 
variety of fish species than the 
mangrove basin forest community. 
Seasonal changes in the environment, 
based largely on freshwater inflow 
and tidal movement, create condi- 
tions that support a wide spectrum 
of fish species during one or more 
stages in their life cycles (Odum 
et al. 1982). 


During the wet season, the in- 
flux of freshwater in the riverine 


community attracts a number of 
freshwater fishes from upstream 
marshes and sloughs. The Florida 


gar, several niembers of the centrar- 
chid family such as the sunfishes 
and the largemouth bass, the yellow 


bullhead, the tadpole madtom, the 
bluefin killifish, and the’ rivulus 
are the major species’ recruited 


(Odum et al. 1982). 


During the dry season (December 
through May), when freshwater inflow 
is lowest, higher salinities force 
freshwater fishes farther upstream 
and attract marine and_ brackish- 
water fishes into tidal streams and 


rivers. Major invaders are the 
needlefishes (family Belonidae), 
stingrays (Dasyatidae) . jacks 


(Ca angidae), and barracude (Sphy~ 
raena barracuda). Low freshwater 

















inflow along with cool’ winter 
temperatures cause the lined sole 
(Achirus lineatus), the hogchoker 
(Trinectes maculatus), the bighead 
searobin (Prionotus  salmonicolor), 
and the striped mullet (Mugil 
cephalus) to move offshore’ into 





warmer waters. 
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In addition to temperature- 
and salinity-induced fluctuations in 
fish species composition and abun- 
dance, the tidal streams and rivers 
are nursery grounds to the larvae 
and juveniles of numerous marine and 
brackish-water species that spawn 
further offshore. Larval recruitment 
generally peaks during late spring 
and early summer whet the salinity 
of relatively large areas of the 
estuary are low. It is believed 
that fluctuating Salinities are 
important to the survival of many 
larval and juvenile forms by provid- 
ing a degree of protection from less 
euryhaline predators. As they grow, 
the young fish tend to move down- 
stream to higher salinity waters. 
Another important contributing fac- 


tor to the basic productivity of 
tidal streams and rivers is_ the 
large quantity of detritus, particu- 


larly in late spring when freshwater 
runoff peaks. 

Fish species that commonly 
spend at least a portion of their 
life cycles in the mangrove-lined 
tidal streams and_ rivers’ include 
the killifishes, livebearers, _ sil- 
versides, mojarras, tarpon, snook, 
snappers, sea _ catfishes,  gobies, 
porgys, mullet, drums, and ancho- 
vies. 


The estuarine-bay fringing com- 
munity is essentially the open 
estuarine waters associated with a 
shoreline fringe of mangroves (e.g. 
Fahkahatchee and Fahka Union Bays, 


Caloosahatchee River estuary and 
Naples Bay). The major environmen- 
tal difference between the estu- 


arine-bay fringing community and the 
riverine fringing community is the 
degree of salinity fluctuation. — In 











the bays salinities tend to fluc- 
tuate less jifreshwater inflow’ is 
less direct or less_ significant), 
and are more saline than in the 


rivers. True freshwater forms are 
rare in the estuarine bay and marine 
species are more common. The bays 
also provide seagrass beds, benthic 
algae, and oyster reefs for food and 
shelter, which are not available in 
the tidal rivers. 


Estuarine-bay fringing communi- 
ties are made up of benthic fish, 
and the mid and upper pelagic water 
fishes. Dominant families of bottom 
dwellers are the drums (Sciaenidae), 
porgys (Sparidae), grunts (Poma- 
dasyidae), mojarras  (Gerreidae), 
snappers (Lutjanidae), and mullet 
(Mugilidae). Less dominant are the 
pipefish (Syngnathidae), flounder 
(BSothidae), sole (Soleidae), sea- 
robin (Triglidae), and__— toadfish 
(Batrachoididae) families. Fish 
that are more pelagic are anchovies 
(Engraulidae), herrings (Clupeidae), 
and needlefishes (Belonidae). Domi- 
nant species of the benthic fauna 


include the common pinfish (Lagodon 





rhomboides), the silver perch 
(Bairdiella chrysura), the pigfish 





(Orthopristis chrysoptera), and the 
mojarras (Eucinostomus guia and E. 
argenteus). Among the pelagic fish, 
the dominant species are the bay and 
striped anchovies Anchoa_ mitchilli 











and A. hepsetus, and the yellowfin 
and scaled sardines  Brevoortia 





smithi and Harengula pensacolae. 





A summary of relative fish-spe- 
cies abundance from six estuarine 
bays in the Caloosahatchee River/Big 
Cypress watershed is given in Table 
43. Despite differences in relative 
species abundance, virtually al! the 
bay communities are dominated by 
large numbers of only a few species. 
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The twenty-nine species listed ac- 


counted for 82% to 96% of all! indi- 
viduals captured. Three species 
accounted for well over 50% of the 


fish in the samples, although com- 
position varied from bay to bay. 


In addition to significant "be- 
tween bay" and “between year" dif- 
ferences in species composition and 
relative abundances, fish popula- 
tions also vary seasonally as well 
as Spatially within a single estu- 
ary. The best documented example of 
such variation is presented by Yokel 
(1979) for Naples Bay. This example 
is particularly appropriate since it 
comes from an estuary subjected to 
many of the more common forms of 
man-induced_ alterations such as 
upstream flow control, finger-fill 
canal construction, seawall con- 
struction, shoreline development, 
sewage disposal, and nonpoint-source 


runoff. As development pressures 
intensify along the coast, these 
alterations are likely to _ infringe 


on other estuaries as well. 


The bay system is divided into 
the Gordon River, the lower bay, the 
canals, the tributary waterways, and 
a control station in Dollar Bay. 
Midwater fishes (adults and juve- 
niles) as well as_ ichthyoplankton 
were identified and enumerated. 


Among the midwater fishes, 
three recurrent groups were identi- 
fied. Group 1 consisted of species 
common to nearly all estuaries of 
the area, the bay anchovy, striped 
anchovy, yellowfin menhaden, and 
silver perch. Group 2 consisted of 
the dusky anchovy, Atlantic thread 
herring, and scaled sardine. The 
last two fish were common to other 
area estuaries but the dusky anchovy 
was reported only from Naples Bay. 











Table 43. Relative fish species abundance for six estuarine bays within the 
study area. 


























































































































B 
Species Caloosahatchee’ ales? Rookery? Marco Istand4 | ©ahka Union? | Fahkahatchee> 
Pinfish 0.7 - 42.0 22.0 1.9 55.8 
{Lagodon rhomboides) 
Bay Anchovy 14.1 48.9 - 0.6 ~ 0.3 
{Anchoa mitchiili) 
Striped Anchovy 4.9 7.4 - - 4.4 - 
(Anchoa hepsetus) 
Dusky Anchovy ~ 4.5 - - . 
{Anchoa lyolepis) 
Spotfin Mojarra 1.8 - ~ 5.4 13.6 23.0 
(Eucinostomus argentus) 
Silver Jenny 2.1 - ~ 26.5 26.4 9.3 
{Eucinostomus gula) 
Striped Mullet 14.2 - - - 0.6 0.2 
(Mugil cephalus) 
Yellowfin Sardine 0.1 21.7 - - 15.2 0.1 
({Brevoortia smithi) 
Tidewater Silwerside 24.7 - - - o = 
(Menidia beryilina) 
Naked Goby trace 10.3 - . - 0.1 
(Gobicsoma bosci) 
Code Goby - - - 2.5 4.7 $.2 
(Gobiosoma robustum) 
Silver Perch - - 2.0 2.0 0.6 12.8 
(Bairdiella chrysura) 
Pigfish - - 10.0 20.3 7 1.1 
{Orthopristis chyrsoptera) 
Sea Catfish 4.6 - ~ - 1.6 - 
{Arius felis) 
Spotied Seatrout - - - - 0.1 1.1 
{Cynoscion nebulosus) 
Sand Seatrout 0.8 - - 7 - - 
({Cynoscion arenarius) 
Spot 4.1 - - ~ - - 
{Leiostomus santhurus) 
Scaled Sardine 2.5 0.5 - - - 0.1 
(Harengula pensacolae) 
Redfish 1.7 - ~ - o ° 
(Sciaenops ocellata) 
Lane Snapper - - 1.4 3.6 - - 
(Lutjanus synagris) 
Grey Snapper - - - 0.4 0.6 0.3 
{Lutjanus griseus) 
Croaker 2.2 - - - - o 
[Micropogon wndulatus) 
Gulf Pipefish - - - 2.1 3.8 2.5 
(Sygnathus scovelti) 
Wult Toadfish trace 7 ~ - o 27.0 
(Opsanus beta) 
Lined Sole trace - - 1.0 0.9 0.1 
[Achires timeatus) 
White Groent - - - 1.2 
([iMaermulion pluamieri) 
Biackchecked Tor quefish trace - - 1.9 2.7 0.6 
Li Symp hurys plegivsa) 
Atlantic Thread Merr ing - - - e o 0.5 
LOpisthonems og! imum) 
NMogchoter Bee - = - ° - 
[Trinectes maculatus) 
TOTS. PERCENT 81.8 93.3 88.0 89.* 96.1 95.1 
varct 
‘Genter and Mall 1963 
2voke! 1979 
Wvobe! 1975 
“Weinstein et at. 1974 
“Carter et at. 1973 

















Group 3 consisted of the fringed 
flounder (Etropus crossotus) and 
porcupine fishes of the _ family 
Diodontidae. The frequency of 
occurrence of these recurrent groups 
is summarized in Table 44. The 
ichthyoplankton in seven recurrent 
groups (Table 45) reflect a gener- 
ally more diverse group of estuarine 
dependent fishes. 





In addition to these data on 
recurrent groups, a summary and 
ranking of locations within the bay 
are given in Table 46. Tables 44 
to 46 show patterns of abundance of 
fish in the estuary. 


The pattern of spawning in 
estuarine-dependent fishes is first 
reflected by the abundance of 
larvae. rish of recurrent Group 1 
apparently spawn in the estuary 
at about the same time (December 
through March). In contrast, fish 
of recurrent Group 2 spawn offshore 
from May to December, and the larvae 
immigrate into the estuary from Jan- 
uary to April. Based on the appear- 
ance of fish larvae, Groups 5 and 6 
spawn from June through October. 


Groups 3 and 7 are relatively scarce 
and are not as important as_ the 
other groups to the estuarine fish 
fauna. 


The recurrent group ranking, 
and relative diversity and density 
of the fishes in Table 46 is a sum- 
mary of the seasonal abundance of 
midwater fishes and icnthyoplankton 
in Naples Bay. The abundance of 
fishes was highest in the lower bay 
and control stations and lowest in 
the Gordon River. In contrast, 
average densities have an inverse 
relationship with diversity and 
habitat use. For example, canal sta- 
tions and the Gordon River tributary 
rank higher in average fish abun- 
dance tnan the lower bay or control 
Stations, having high numbers of 
only a few species such as menhaden 
and anchovies that prefer low salin- 
ities, whereas other less euryhaline 
species are rare or absent. 


The oceanic-bay fringing commu- 
nity, exemplified by Florida Bay, 
is a shallow bay of nearly uniform 
oceanic salinities, clear waters, 
and sandy bottoms (Odum et al. 


Table 48. Seasonal occurrences of midwater fish groups in Naples Bay 


(adapted from Yokel 1979). 
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Species Saiinity (ppt) Seasonal Occurrencel Station Occurrence! Total Occurrences! 

GRouP 1 
Anchos mitchelli 4- Feb. =— Now. 16/17 89/187 
Anchoa hepsetus Highest in 
Brevoortia smithi May - Sept. 
Bairdieltia chrysura 

cGRouP 2 
Anchoa tyolepis 10 = 15 High in 16/17 73/187 
Opisthonema og! inum March = May 
Marengula pensacolae again in 

October 

Group 3 
Etropus corrotus Unknown january onty 1/17 1/187 
Diedontidae (probably »30) 

lrefers to frequency of occurrence over maximum possible occurrences 











Table 45. Seasonal occurrences of icthyoplankton in Naples Bay (adapted from 
Yokel 1979). 








Highest 
Species Salinity {ppt)i Seasonal Occurrence | Station Occurrence! | Total Occurrences! 
GROUP 1 
Anchoa mitchilli 1 = 30 April - November 17/17 102/187 
Anchoa sp. 








Goblosoma bosc! 
Goblosoma sp. 
Microgobius gulosus 








GROUP 2 
Brevoortia sp. 
Orthopristis chyrsoptera 
Lagodon rhomboides 0 - 30 January — Apri! 17/17 39/187 
Lelostomus xanthurus 














GROUP 3 
Albula vulpes 
Chaetodipterus faber unknown August 1/17 1/187 
Sphoeroides sp. 











GROUP 4 





Gobiesox sp. 6 - W August — April 16/17 $7/187 
Hypsoblennius hentzi 

GROUP 5 
Cynoscion nebulosus 1- #0 June - October 14/17 32/187 





C. arenarius 


GROUP 6 
Symphurus piagiusa 1- #0 August - October 13/17 18/187 





Group 7 
Lucania parva 0 - <1 July 1/17 1/187 


Lepomis sp. 




















leefers to frequency of occurrence over aaximum possible number of occurrences 











Table %6. Ranking of recurrent groups of midwater fishes and ichthyo- 
plankton in Naples Bay (adapted from Yokel 1979). 














Average number Average Average monthly 
recurrent groups catch diversity 
Area per station per station per station 
Control! Station 12 (1) 2,048( 5) 1.02 (1) 
Lover Bay 10.5 (2) 2,119(4) 0.92 (2) 
Midwater Canal Station 10.4 (3) 5,105/2) 0.65 (4) 
Fishes Tributary Station 8.5 (4) 5, 766(1) 0.67 (3) 
Gordon River 4.5 ($) 4,110(3) 0.63 (5) 
Lower Bay 17.0 (1) 2,474(5) 1.59 (1) 
Iichthyo- Control Station 17.0 (2) 3,726(4) 1.49 (2) 
plankton Canal Station 15.6 (3) 4,764(2) 1.37 (3) 
Tributary Station 12.5 (4) 4,577(3) 1.31 (4) 
Gordon River 72-5 ({5) 8043/1) 1.06 (5) 
number in parenthesis refers to ranking within column 














1982). Because of its proximity to 
open ocean it has greater species 
diversity than any of the four fish 
communities. In the Caloosahatchee 
River/Big Cypress watershed these 
conditions are not clearly met by 
any body of water, except possibly 
by Gullivan Bay and the area in the 
lee of Sanibel Island cfr Estero 
Bay. At these locations the sub- 
strate is sandy and salinities are 
uniformly high, but the waters are 
relatively dark due to organic mat- 
ter in terrestrial runoff. Because 
of the lack of a clear distinction 
between these “bays" and the Gulf, 
and also to a general lack of infor- 
mation on fishes in these areas, 
they are considered a part of the 
offshore ecosystem and are not dis- 
cussed here. 


7.3.3 Endangered Species 


Four species of fish listed by 
Gilbert (1978) as threatened, rare, 
or of special concern are reported 
for the Caloosahatchee River/Big 
Cypress watershed (Table 47). Of 


these four, only the rivulus (Rivu- 
lus marmoratus) has been provision- 





ally included in the south Florida 
fauna (Kushla. and Lodge 1974). All 
four have been reported from areas 
both north and south of the water- 
shed; however, their presence in 
their preferred habitat is not con- 
firmed, but only projecied. For 
all four, the primary range _ is 
further south, in the tropics and 
the Carribean. 


7.8 AMPHIBIANS AND REPTILES 


Nine amphibian and _ reptile 
habitats in the Big Cypress National 
Preserve (BCNP) are listed in Table 
48 (Duever et al. 1979). Although 
the authors concern themselves only 
with the fauna of the BCNP, their 
compendium of information on species 
abundance and utilization is the 
most thorough region-wide informa- 
tion available. For this reason we 
provisionally use their information 
to include the entire watershed, 
although this will surely result in 
some inaccuracies and omissions. 


Table 47. Endangered, threatened, rare, or special concern species of 
fishes found in the Caloosahatchee River/Big Cypress watershed (adapted from 











Gilbert 1978). 

Species Status Habitat 
Rivulus Threatened Mangroves, salt marshes 
(Rivulus marmoratus) mosquito ditches 
Opossum pipefish Rare Freshwaters, brackish waters, 
(Oostethis lineatus) usually associated with dense 

vegetation. 

Mountain mullet Rare Freshwater to estuarine, 
(Agonostomus monticola) probably catadromous. 
River Goby Rare 


(Awaous tojasica) 








with clean water, siow to moderat 


Sma!! to large streams, : 
current. 








Table 48. Habitat importance to amphibian and reptile species in the Big 
Cypress watershed (ac ated from Duever et al. 1978). 
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The herptilian fauna of the 
Caloosahatchee River /Big Cypress wa- 
tershed has been studied by Dueliman 
and Schwartz (1958) and more recent~ 
ly by Crowder (1974). Other sig- 
nificant studies and summaries of 
watershed herptiles include Carr and 
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Goin (1955) 
latter work 


and Conant (1975). The 
contains a rough approx- 
imation of species distribution. 
According * Crowder (197%), the 
relative distribution and abundance 
of herptiles hes been greatly af- 
fected by massive habitat § altera- 


ave ans 
Ph. es a be 


1 COP 


VA 








tions in south’ Florida. The 
destruction of trees and islands 
hydroperiod alterations, and agri- 


cultural and urban development favor 
the spread of some herptilian spe- 
cies while restricting the range and 
survival of others. 


Amphibians in the watershed 
include nine species of frogs, three 
species of toads (orde* Anura) and 
four species of salamaiicters (order 
Caudata). All are freshwater forms 
and are almost exclusively upland in 
habitat preference. 


The three orders of reptiles in 
the watershed are the Crocodylia, 


the Testudines (turtles), and the 
Squamata {scaled reptiles). The 
latter is divided into two sub- 


orders, the snakes (Serpentes) and 
the lizards (Lacertilia). The most 
common reptiles in the Caloosahatch- 
ee River/Big Cypress watershed are 
the snakes (30 species), the turtles 
(16 species), and the lizards (8 
species). 


All but three of the 30 species 
of snakes belong to the family Colu- 
bridae. Particularly abundant are 
those snakes with an affinity for 
water. Five species of water snakes 
(genus Natrix), two species of swamp 
snakes, and a variety of others that 
possess a broad habitat tolerance 
are reported. The poisonous eastern 
coral snake (Micrurus fulvius fuli- 
vius) is one of the more conspicuous 
members of this family. Other poi- 
sonous snakes are water moccasins, 
dusky pygmy rattlers, and eastern 
diamondback rattlers, al! of which 
belong te the family Viperidae. 





Lizards are represented by four 
families, the Iguanidae, the Teei- 
dae, the Scincidae, and the Anqui- 
dae. The common anole (Anolis caro- 
linensis carolinensis) and the rare 
Florida scrub lizard (Sceloperus 
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woodi) are members of the I guanidae. 
The fast moving sixlined racerunner 
is the only member of the family 
Teeidae. The three species of 
skinks (Scincidae) in the watershed 


are southeastern fivelined skink, 
the ground skink, and the mole 
skink. The glass lizards (Anguidae) 


are represented by three species, 
the eastern glass lizard, which 
is predominantly a wetland dweller, 
and the slender glass lizard and 
island glass lizard, both of which 


prefer dry grasslands and pine 
woods. 
Freshwater turtles consist of 


three species of mud turtles (family 
Kinosternidae), five species of the 
family Emydidae, and one soft-shell 
turtle (family Trionychidae). The 
one brackish-water turtle is’ the 
mangrove terrapin (Malaclemys ter- 
rapin rhizopharum). The’ larger 
freshwater turtles are the Florida 
snapper (Chelydra serpentira osceo- 
la) (family Chelydridae) and_ the 
gopher tortoise (Gopherus polyphe- 
mus) of the family Testudinae. The 
largest turtles, the sea_ turtles, 
are found in estuarine waters or 
along the beaches. The five species 
in southwest Florida are the Atlan- 
tic green (Cholonia mydas mydas), 
the Atlantic hawksbill (Eretmochelys 
imbricata imbricata), the Atlantic 
ridley (Lepidochelys kenipii), the 
Atlantic loggarhead (Caretta caretta 
caretta), and the Atlantic leather- 
back (Dermochelys coriacea). The 
first four of these species belong 
to the family Chelcnidae; the last 
one belongs to the family Dermoche!- 
yidae. 





























In all, 16 amphibians and 48 
reptiles are listed in Table 48 for 
the watershed. This compares to 17 


amphibians and 56 reptiles reported 


in the lower Everglades (Schomer 
and Drew 1982). Thirty-two of these 
species (all reptiles) frequent 








coastal and brackish water habitats; 
Sixteen species exciusively prefer 
terrestrial or freshwater habitats. 
Only six species, the diamondback 
terrapin, the crocodile, and four 
marine turtles, live exclusively in 
coastal habitats. 


The Florida Committee on Rare 
and Endangered Animals (1978) lists 
10 species of amphibians and rep- 
tiles that are endangered, threaten- 
ed, rare, or of special concern in 
the Caloosahatchee River/Big Cypress 
watershed (Table 49). Conspicuous 
on this list are ali five sea tur- 
tles. Commercial exploitation of 
adults in the Caribbean Sea, high 
egg mortality rates on Florida and 
other beaches, and entanglement or 
entrapment in nets are prime con- 


tributors to the decline of these 
species. 
7.£ BIRDS 

Birds in the watershed are 
grouped into six guilds based on 
general similarities in habital 


preference (Odum et al. 1982). The 
guilds are as follows: 


(1) forest-dwelling arboreal 
birds, 

(2) wading birds, 

(3) floating and diving water 
birds, 

(4) birds of prey, 

(5) probing s: 2rebirds, and 

(6) aerially searching birds. 

These guilds are discussed here 


because they are more useful than 


Tabie 49. Endangered, threatened, rare, and special-concern amphibian and 
reptile species in the Caloosahatchee River/Big Cypress watershed (adapted 


from McDiarmid 1978). 





Common Name 


Scientific Name 


Status 





Atlantic hawksbill 
Atlantic green turtle 
Atiantic ridley 
Florida gopher 
Gopher tortoise 
Atlantic loggerhead 
Mangrove terrapin 
Atlantic leatherback 
Florida scrub lizard 


frog 


Eretmochelys 


imbricata 


imbricata 


Endangered! »3 





Chelonia mydas mydas 
Lepidochelys kempi i 
Rana areolata aesopus 











Gopherus polyphemus 





Caretta caretta caretta 





Endangered? 
Endangered! »3 
Threatened? 
Threatened? 
Threatened? 


Malaclemys terrapin rhizophorarum Rare 





Dermochelys coriacea 
Sceloporus woodi 








American alligator 


Alligator mississippiensis 





Eastern indigo snake 


Drymarchon corais couperi 


Rare! 

Rare 

Special concern! »2,4 
Special concern?2+4 











| Listed as Endangered and Threatened Wildlife and Plants, U.S. Dept. of 


Interior Fish and Wildlife Service. 


135:36431, 1977. 


2 Listed as Threatened 
3 Listed as Endangered 
Effective july 1977. 


Fish Commission. 


in Wildlife Code, 


in above publication. 
Florida Game and Freshwater 


4 Listed as Threatened in above publications. 


Fed. Register, Vol. 42, No. 
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Robertson and Kushlan's (1974) broad 
delineation between land birds and 
water birds. 


7.5.1 Arboreal Birds 





Arboreal guilds are _ forest 
dwellers, some of which may also 
frequent the forest edge and other 
inland habitats such as wet prai- 
ries, Sawgrass marshes, urban envi- 
ronments, and agricultural lands. 
This guild of birds consists largely 
of the perching birds (order Pas- 
seriformes) and members of the 
orders Galliformes (wild turkey, 
northern bobwhite), Columbiformes 
(pigeons and doves), Cuculiformes 
(cuckoos and anis), Caprimulgiformes 
(goatsuckers, i.e., nighthawks, 
chuck-wills-widow), Apodiformes 
(swifts and hummingbirds), and Pici- 


formes (woodpeckers). 


An accurate listing of the 
species of this guild in southwest 
Florida is difficult to obtain. 
Robertson (1953) and Robertson and 
Kushlan (1974) have compiled and 
reviewed data for the entire south 
Florida peninsula. The latter review 
summarizes a considerable data base 
compiled by numerous scientists, as 
well as amateur bird watchers, and 
gives many useful observations and 
hypotheses on the ecology and bio- 
geography of land birds yet the raw 
data are not presented on specific 
sitings in south Florida. Duever 
et ai. (1979) list 41 arboreal and 
terrestrial species that breed in 
the Big Cypress National Preserve 
(Table 50) and 15 that do not breed 
there (Table 51). They note that 


Table 50. Habitat use and importance to breeding arboreal birds in the 
watershed (adapted from Duever et al. 1979). 





















































Gray Kingbird 
(Tyrannus dominicensis) 








Habitat 
Intand 
Marshes, Saltwater 
Pine Hammock Cypress Ponds, Coastal! Coastal Prairies 
Species Forest Forest Forest Forest Sltoughs Prairies Forest Marshes or Marshes 
Mourning Dove 3 2 1F 
{(Zenaida macroura) 
Common Ground Dove 3 2 1F 
(Columbina passerina) 
Mangrove Cuckoo 1 4 
(Coccyzus minor) 
Yeltow-billed Cuckoo 2 2 
(Coccyzus americanus) 
Chuck -wil!l's-Wi dow 2F 4B 2F18 2F 2F 2F 1F 
(Caprimuigus carolinensis) 
Common Nighthawk 2F 4B 2F 186 2F 2F 2 2F 2F 2F 
(Chordeites minor) 
Ruby-throated Hummingbird 2 1 1 1F 
(Archiltochus colubris) 
Northern Flicker 3 2 1 
(Colaptes auratus) 
Pileated Woodpecker 2 2 2 1 
(Oryocopus pileatus) 
Red-bellied Woodpecker 2 2 2 2 
(Melanerpes carolinus) 
Redcockaded Woodpecker + 
(Dendrocopos borealis) 
Downy Woodpecker 3 1 1 
(Dendrocopos pubescens) 
Eastern Kingbird 2 1B 1 
(Tyrannus tyrannus) 


(continued) 











Table 50 (Concluded). 































































































Habitat 
Inland 
Mixed Marshes, Saltwater 
Pine Hammock Cypress Swamp Ponds, Coastal! Coastal Prairies 
Species Forest Forest Forest Forest Stoughs Prairies Forest Marshes or Marshes 
Great Crested Flycatcher 1 1 1 3 
(Myiarchus crinitus) 
Purple Martin 2F 4B 2F 2F 2F 2F 2F 2F 2F 2F 
(Progne subis) 
Biue jay 2 2 1 1 
(Cyanoncitta cristata) 
American Crow 3 1 1 1 
(Corvus brachyrhynchos) 
Fish Crow 2 2 2F 1F 1F 
(Corvus ossifrarus) 
Tufted Titmouse 1 2 2 2 1 
(Parus bicolor) 
Brown-headed Nuthatch 4 
(Sitta pusilia) 
Carolina Wren 2 2 2 2 2 1 
(Thryothorus ludovicianus) 
Northern Mockingbird 3 2 
(Mimus polygiottos) 
Brown Thrasher 3 2 
(Toxostoma rufum) 
Eastern Bluebird 4 
(Sialia sialis) 
Blue-gray Gnatcatcher 1 1 2 2 2 
(Polioptila caerulea) 
Loggerhead Shrike 3 2 1F 
(Lanius ltudovicianus) 
White-eyec Vireo 1 1 2 ? 2 2 
(Vireo griseus) 
Prothonotary Warbler 1 2 2 
(Protonotaria citrea) 
Northern Parula 2 2 2 iF 
(Parula americana) 
Common Yellowthroat 1F iF | 3 2 1 1 1 
(Geothlypis trichas) 
Pine Warbler 3 2 
(Dendroica pinus) 
Eastern Meadow! ark 4 1 1 2 
(Sturnella magna) 
Redwinged Blackbird 1 3 2 2 
(Agelaius phoeniceus) 
Common Grackle 2 2 2 2 } 1 
(Quiscalus quiscula) 
Great-tailed Grackle 1F 2F 2F 38 2 2-18 
(Cassidix mexicanus) 
Northern Cardinal 2 2 1 2 1 
(Cardinalis cardinalis) 
Rufous-sided Towhee 3 2 1 
(Pipilo erythrophthalmus) 
Bachman's Sparrow 4 
{Aimophila aestivalis) 
Northern Bobwhite 3 1 
(Colinus virginianus) 
Wild Turkey 3 2 2F 
(Meleagris gallopavo) 
= Habitat rarely used. 
= Habitat commonly used. 
im the general area.) 


1 
2 
3 = Habitat heavily used (elimination of habitat could reduce species population 
4 = Habitat critical for continuation of species in the genera! area. 
Blank column - Habitat probably not used. 

= Breeding habitat only. 

= Feeding habitat only. 


B 
F 
No letter =~ Habitat used for both breeding ard feeding. 
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Table 51. Habitat use and importance to nonbreeding arboreal birds 
(adapted from Duever et al. 1979). 
Habitat 
Inland 
Mixed Marshes, Saltwater 
Pine Hammock Cypress Swamp Ponds, Coasta! Coastal Prairies 

Species Forest Forest Forest Forest Stoughs Prairies Forest Marshes or Marshes 
Smooth-billed Ani 2 2 2 1 1 

(Crotophaga Ani) 

Wh i p-poor-wi!l | 2 2 2 2 2 2 2 2 2 
(Caprimuigus vociferus) 

Yellow-bellied Sapsucker 2 2 2 2 

(Sphyrapicus varius) 

Hairy Woodpecker 3 1 1 1 

(Picoides villosus) 

Eastern Phoebe 2 2 2 1 2 

(Sayornis phoebe) 

Tree Swallow 2 2 2 2 2 2 2 2 2 
(Tachycineta bicotor) 
Marsh Wren 3 3 2 2 
(Cistothorus palustris) 

Sedge Wren 2 2 1 1 
(Cistothorus platensis) 
Gray Catbird 2 2 1 2 1 

(Dumetelia carolinensis) 

American Robin 2 2 2 2 2 

(Turdus migratorius) 

Cedar Waxwing 2 2 2 2 

(Bombycilisa cedrorum) 

Solitary Vireo 1 2 1 2 1 

(Vireo solitarius) 

Migrating Warblers 2 2 2 2 2 1 2 1 1 
Rusty Blackbird 2 3 

(Euphagus carolinus) 

Painted Bunting 3 1 

(Passerina ciris) 

Upland Sparrows 3 2 

Swamp Sparrow 2 2 1 1 1 
(Melospiza georgiana) 

No letter « Habitat used for both breeding and feeding. 

Biank colunn - Habitat probably not used. 

1 = Habitat rarely used. 

2 = Habitat commonly used. 

3 = Habitat heavily used (elimination of habitat could reduce species population in the general area). 
4 = Habitat critical for continuation of species in the general area. 











despite input from the most knowl- 
edgeable of local ornithologists, 
the list is preliminary, which is at 
least partially confirmed by noting 
many minor inconsistencies between 
the above references and that of 
the South Florida Research Center 
(SFRC 1980). From inland habitats 
(exclusive of mangroves and pine- 
lands) in the nearby east Ever- 
glades, SFRC (1980) lists 101 spe- 
cies that use the area at some time 
of the year. A list of 71 species 
that utilize the Florida mangrove 
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was prepared by Odum et al. (1982), 
but much of the area is north or 
east of southwest Florida. Despite 
these limitations many general 
observations are possible on this 
guild of birds. 

The arboreal birds of _ the 
Caloosahatchee River/Big Cypress 


watershed consists of a core of 
about 35 to 40 species of year-round 


residents. Other species in_ the 
watershed are grouped as_ winter 
residents, summer residents, and 








migrants. About 60% of bird species 
reported in south Florida are migra- 
tory (Robertson and Kushlan 1974). 


Historically and _ ecologically, 
the south Florida peninsula is a 
relatively unfavorable area for the 
proliferation of arboreal birds. In 
addition to the areal paucity of 
true upland terrestrial habitats, 
the area is generally regarded as 
climaticzily unstable, in the long- 
term geological sense. These two 
factors, along with the relative 
isolation of the peninsula, are be- 
lieved to be the major reasons for a 
low diversity of arboreal fauna in 
south Florida. Robertson and Kushlan 
(1974} summarize the situation as 
foliows: 


In our view, southern Florida (and 
to a diminishing degree northward, 
the entire southeast) exists today 
as a sort of avifaunal vacuum, the 
hiatus between a continental land 
avifauna, withdrawing before an un- 
favorable climatic trend and a West 
Indian land avifauna_ delayed in 
reaching vacant and suitable habitat 
by a sea barrier and perhaps also by 
intrinsic qualities that make island 
birds poor colonizers of mainland 
areas. 

The “unfavorable climatic trend" 
refers to the sea-level fluctuations 
of the Pleistocene era that alter- 
nately drained and flooded the south 
Florida peninsula. 


This trend is graphically ex- 
pressed in Figure 82, which shows 
30 to 50 species of arboreal birds 
breed in southwest Florida. Farther 
north as many as 65 to 70 breeding 
species are observed. This north- 
south trend is especially pronounced 
with passerine birds, whereas the 
number of nonpasserine species com- 
pares fairly well to other locations 
within the same latitudes. 
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Numbers of 
breeding land birds in the Florida 
peninsula (adapted from Robertson 
and Kushlan 1978). 


Figure 82. species of 


Although the previous numbers 
of breeding arboreal birds in south- 
west Florida are similar to the list 
of Duever et al. (1979), they do not 
describe the seasonal variation of 
species composition and abundance as 


listed in Table 50 and illustrated 
in Figure 83. According to rigure 
83, the number of arboreal birds is 


lowest in the summer when most of 
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Figure 83. Seasonal habitat use by 
birds of various species (adapted 
from Robertson and Kushlan 1974). 
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the 27 migratory species are far 
north. The number of species breed- 
ing during the summer is about 30% 
to 60% fewer than in the winter. 
Noteworthy among the eight resident 
breeders are the common nighthawk 
(Chordeiles minor) and the eastern 
kingbird (Tyrannus tyrannus). The 
numbers of species and individuals 
are lowest in the summer. 








In winter, the number of spe- 


cies and numerical abundance _ in- 
crease significantly. SFRC (1980) 
lists 44 species of winter resi- 
dents. In the fall and spring, 
migrant populations are probably 


intermediate in numbers of species 
and abundance. 


With regard to havitat use by 
both the communities, most used by 
resident and migratory species are 
pinelands, mangrove forests, and 
cypress or mixed-swamp forests. This 
habitat selection is probably a 
function of food supply (primarily 
insects, berries, and seeds) and 
structural diversity. 


7.5.2 Wading Birds 


Twenty-three species of wading 
birds, mostly herons (order Ciconii- 
formes), and some cranes and their 
allies (order Gruiformes), comprise 
this group (Table 52), but only 
eighteen species breed in southwest 
Florida (Duever et al. 1979). 


Wading birds are not particu- 
larly abundant in the interior wet- 
lands of south Florida. Only 15 
species have been reported there 
compared to 26 species reported for 
nearby Cuba. The difference is 
partly explained by a historically 
unreliable freshwater wetland habi- 
tat that responded to _ sea-level 
fluctuations of the Pleistocene era. 
In contrast, the area of saltwater 
and brackish wetlands have been much 


mrs 
vey ' 
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more constant. Robertson and Kushlan 
(1974) speculate that this area is 
probably best used by mobile popula- 
tions of wading birds, most of which 
are also, and perhaps primarily, 
estuarine. Consistent witn this view 
is the fact that the coastal and 
estuarine avifauna is essentially 
identical to the coastal and estu- 
arine avifaunas elsewhere in_ the 
region. 


In the last 155 years, wading 
bird numbers have fluctuated widely 
due to a combination of factors, 
some natural and some human induced. 
In 1870 south Florida supported 
a population of approximately 
2,500,000 wading birds (Robertson 
and Kushlan 1974). By the early 
1900's the population had been 
reduced to about 500,000, mostly by 
plume hunters. Another generally 
less important factor was early 
coastal development which eliminated 
some esting habitat. The species 
that probably suffered the most from 
plume hunting was the roseate spoon- 





bill (Ajaia ajaja). Although it is 
listed in Table 52 as a resident, 
its distribution in south Florida is 


limited to Florida Bay. 


When commercial hunting, pri- 
marily for bird plumes, was banned, 
the wading bird populations in- 
creased to about 1,200,000 birds by 
1935. In the background, however, 
the agricultural and urban develop- 
ment of south Florida was beginning 
in earnest. Within a matter of 25 
years, as water control structures 
were built and lands drained, crops 
planted, and coastal cities con- 
structed, large areas of wading bird 
habitat were altered. By 1960 only 
about 300,000 wading birds remained 
in south Florida. More recently, 
the population has stabilized near 
125,000 birds (Robertson and Kushlan 
1974, Kushlan and White 1977). 
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Table 52. Habitat use and importance to wading birds (adapted from Duever 


et al. 1979). 

































































HABITAT 
Intand 
Mined Marshes, Salteater 
Pine Mammock Cypress Swamp Ponds, Coastal Coastal Prairies 

Species Forest Forest Forest Forest Siloughs Prairies Forest Marshes of Marshes Food Source 
Reddish Egret* a 3 Fish 
\Egretta rufescens) 
American Gittern® 1 3 1 Crayfish, frogs 
(Botaurus lentiginosus ) 
Roseate Spoonbili* 3 3 1 Shrimp, fish, squa- 
(Ajaia ajaja) tic insects 
Virginia Rail® 3 2 1 Berries, insects 
(Rattus timicota) 
Sora* : 3 2 1 insects 
(Porzana carolina) 
Great Egret 2 2 2* 38 718 ? Pal 1 Fish 
(Casmerodius albus) 
Snowy Egret 1 i 2+ 48 2 2 2F Ff Fish 
(Egretta thuta) 
Cattle Feret a 18 36 2? 38 1 1 Fish, imsects 
(Bubsulcus ibis) 
Great Blue Heron F186 2 2 2-18 2 2+ 1f Fish 
(Ardea herodias) 
Little Biwe Hercn 2 2 2* 38 718 28 2t 1 Fish 
(Egretta caerulea) 
Tricotored Heron 1 Ff 2+ 38 ? 2t Fish 
(Egretta tr icotor) 
Green-backed Heron 1 2 2* 38 I 2 2F Fish 
(Butorides striatus) 
Black-crowned Night<tHe: on fF 2 2* 38 if 1 f Fesh, crustaceans 
(Nycticorax nycticoras) frogs, mice 
Yellow-crowned Night-Heron 1 2 2 1f 2 1" Fiah, crayfish, crabs 
(Nycticorax violaceus) 
Least Bittern 4 ‘ Ff Fish 
(ixobrychus exilis) 
Wood Stork 2' 1* 38 2 f 2 Pal Fish 
(Mycteria americana) 
Glossy Ibis 3 1 1 Fish 
(Plegadis ftalcineltius) 
White Ibis 2-18 1 3 ) ¥ Ff Fish, crabs, frogs 
(Ewdociaws albus) 
Sandhill Crane 2 3 2 Roots, rhitones of 
(Grus canadensis) Cyperus and 

Sagittaria 
Limptin 1 3 1 Snails 
(Aramus guarauna) 
Biack Rail 1 1 ’ 3 insects 
(Lateratious jamaicensis) 
Clapper Rail 1 3 3 iMeects 
(Ratius tongirostris) 
King Rail 4 Crustaceans, insecta 
(Rattus elegans) 
*Non-breeding 
1 = Mabita’ rarely used. 
2 = Habitat commonty used. 
3 = Mabitat heavily used (elimination of habitat cow!d redwee species population in the general area). 
4 = Habitat critical for oropagation of the species in the general area. 
Biank column ~ Habitat probably not used. 
B = Breeding habitat onty. 
F = Feeding habitat only. 
No letter = Habitat used for both breeding and feeding. 








In 1974, eight colonies of wad- 
ing-bird sites (Figure 84) support- 
ed approximately 25,000 nests (Table 
53) in the Caloosahatchee River/Big 
Cypress watersined (Kush!an and White 
1977). Inland the white ibis (Eudo- 
cimus albus) is the most numerous 
wader, followed by the cattle egret 
(Bubulcus ibus), the wood stork 
(Mycteria americana), the great 








185 


egret (Casmerodius albus), the snowy 
egret (Leucophyx thula), and the 
little blue heron (Egretta caeru- 
lea). In contrast to other areas of 
Florida, wading birds much prefer 
freshwater wetlands to  brackish- 
water wetlands. About 95% of the 
nests are in freshwater wetlands of 
the Caloosahatchee River/Big Cypress 
watershed. In brackish-water sites 
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Figure 84. Number of wading birds 
at colony sites active in 1974-1975 
{adapted from Kushlan and White 
1977). 


the Louisiana or Tricolored heron 
(Egretta tricolor) is the most abun- 
dant species, followed by the cattle 
egret and the great egret. Other 


species are the great biue heron 


{Ardea herodias), the little blue 
heron, the snowy egret, and the 
black-crowned night heron (Nycti- 
corax nycticorax). 





The colony sites used by wading 
birds in the Caloosahatchee River/ 
Big Cypress watershed are delineated 
in Table 54. These figures are 
subject to considerable error be- 
cause the location of nesting sites 
varies from year to year (Kushlan 
and White 1977). 


Breeding wading birds in south 
Florida use freshwater wetlands when 
conditions there are right for feed- 
ing and reproduction (Robertson and 
Kushlan 1974). In drought or flood 
years wading birds tend to colonize 
the more stable and productive man- 
groves (Odum et al. 1982). 


Canals drastically shrink or 
replace the shallow ponds, marshes, 
wet prairies, and sloughs that produce 
large populations of small fish and 
crayfish fed on by wading birds. 
The newer habitat, canals, is usual- 
ly too steep sided and deep to be 
used by wading birds; thus a vital 
feeding habitat is removed from the 
watershed. 


Table 53. Colony sites and number of wading bird nests in southern Florida, 
September 1978 to August 1975 (adapted from Kushlan and White 1977). 























Other 
Monts reat Littte Wading 
of White Wood Biwe Great Snowy Blue Tricotored Cattie Birvé 
Coteony Site! Coleny Lecation Nesting ibis Stork Meron fgret Egret Heron Meren tgret Species | 
2. Sadie Cypress Big Cypress Swamp xi 27 
3. Corkscrew Big Cypress Sean kil 3,000 150 
4. Tarpon Say Sanibel istaned v 1 
5S. Estero Bay Estere it j ? ' 2 Fi 12 ® 
6. Swnntiand Grade Big Cypress Searp ‘x 300 
7. Oealoacooches Big Cypress Seam x 12,000 125 150 25 8,000 
8. Big Marco Pass Marce tsiand t,tttlve 2" 29 7 278 274 
9. Chotolostee Everglades Nat’! Park tit ivi 232 4ié 5 
Totals 12,000 3,027 2 as? 18? a 721 8,289 
‘Colony sites are shown in Figure 84 
B ~ Black crowned sight~heron 
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Table 54. Seasonality of nesting by wading birds and associated 
species in south Florida (adapted from Odum et al. 1982). 
Months 
Species S ON Dj] F MAM Jj ij A 
White Ibis 
Wood Stork 
Roseate Spoonbill “ 
Great Blue/White Heron 
Great Egret 
Littie Blue Heron 
Cattie Egret 
Doubie-crested Cormorant 
Brown Pelican 
Hydrologic conditions also af- addition to a brief summary of each 
fect the seasonal distribution and species, numerous references con- 
abundance of wading birds. During taining detailed ecological informa- 
the wet season, water levels may be tion are listed. 
too high to favor wading birds. If 
water levels remain high, the fish 7.5.3 coating and Diving Water 
disperse into the marshes and wet 
prairies and are more difficult for 
the wading birds to catch (Kushlan Seventeen species of floating 
1976b). It also stimulates competi- and diving water birds which utilize 
tion from bass, sunfish, pickerel, thy aquatic habitats of the Big Cy- 
and ther large predators. High press National Preserve are listed 
waters also may cause an excessive in Table 55 (Duever et al. 1979). 
buildup of a soupy ooze in the This list is incomplete because 
marshes. As water levels drop it omits the green-winged teal 
(caused by the dry season or unsea- (Anas crecca), ruddy duck (Oxyura 
sonable drought) the accumulated jemaicensis). hooded mer ganser 
ooze creates a water/mud mixture op tee cucullatus), horned 
that may kill fish by depleting grebe (Podiceps auritis), white 
the dissolved oxygen and clogging pelican (Pelecanus erythrorhynchos), 
gill filaments, even when water mallard (Anas platyrhynchos), Ameri- 
levels do not appear to be danger- can black duck (Anes rubripes), gad- 
ously low (Crowder 1974). wall (Anas strepera), northern pin- 
tail (Anas acuta), red-head (Aythya 
Detailed studies on the ecology americana), canvasback (Aythya val- 
of wading birds are scarce. Two isneria), and bufflehead (Bucephala 
species, the wood stork (Kahl 1964, albeola). These species are listed 
Kushian et al. 1975, Ogden et al. as occurring in nearby areas (SFRC 
1976) and the white ibis (Kushlan 1980, Odum et al. 1982) and some are 
1974b, 1976a, 1977a, 1977b, 1979) certain to frequent the preserve or 
are the most extensively studied. the watershed. 
For a brief review of the ecology, 
life history, and status of these Birds of this guild come from 
species refer to Kale (1978). in five taxonomic orders, the pelicans 
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Table 55. Habitat use and importance tu floating and diving birds in the 
Big Cypress watershed (adapted fron, Duever et al. 1979). 








Pine 
Forest 


Hawmect Cypress 
Forest Forest 


Species 


Seam 
Forest 


intand 
Marshes, 
Ponds, 


Sioug'ns 


Saltwater 
Cousta!l Coastal Prairies 


Prairies Forest 





Common Loon 

(Gavia immer) 
American Wigeon 

(Acas americana) 
Northern Shoveler 
(Anas clypeata) 
Bive-winged Tea! 

(Anas discors) 
Fulvows Whist! ing-Duct 


(Dendrocygna bicolor) 
Ring-necked Duck 
(Aythya collaris) 
Lesser Scaup 

(Aythya affinis) 
P-d-breasted Merganser 
(Mergus serrator) 
American Coot 

(Fulica americana) 
Pied-billed Grebe 
{Podi | ymbus podiceps) 
Brown Pelican 
(Pelecanus occidentalis) 
Anhinga 

[Anhinga anhinga) 
Mottied Duct 


(Apas fulviguia) 
Wood Duct 1 


(Alz sponsa) 

Common Moorhen 
(Gallinuta chioropus) 
Purple Gallinulte 
(Porphyrula martinica) 
Dewblie Crested Cormorant 
(Phalacrccorax aur itws) 























3F 48 


Marshes of Marshes | 
2 


2F 48 





1 = Mebitat rarely osed. 
2 = Habitat commonly used. 


Riank colwm ~ Habitat probably not used. 
B = Breeding habitat only. 
F = Fevding habita? only. 





3 © Mabitat heavily weed (elimination of habitat cow!d reduce species population in the general area). 
4 = Habitat critical fer continuation of species in the general area. 


Mo letter =~ Habitat wsed for both breeding and feeding. 








and allies (Pelecaniformes), the 
waterfow! (Anseriformesj, the cranes 
and their allies (Gruiformes), the 
loons (Gaviiformes), and the grebes 
(Podicipediformes). The pelicans 
are the brown (Pelecanus occiden- 
talis) and the white (P. erythror- 
hyncus). Aside from the obvious 
morpholocic differences between the 
brown and white pelican, they differ 
in their methods of feeding. The 
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brown pelican dives into estuary 
and nearshore waters from heights 
averaging 19 m (30 ft) for small 
fish. An accomplished glider, the 
brown pelican frequently skims only 
a few inches above the surface of 
the water. The white pelican, on 
the other hand, does not dive at 
all, but feeds in shallow waters by 
‘cooping up fish with its large 
bill. Whereas brown pelicans seldom 
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soar, the white pelicans may be seen 
migrating in large V-formations at 
great heights. The white pelican 
may also be found in fresinmwater 
lakes, unlike the more exclusively 
marine brown pelican. 


Two other important members of 
the Pelecaniformes are the double- 
crested cormorant § (Phalocrocorax 
auritus) and the anhinga (Anhinga 
anhinga). Both species are fish 
eaters that dive from the surface 
and swim underwater. The double- 
breasted cormorant prefers coastal 
waters, at least in the winter, and 
the anhinga almost exclusively 
prefers freshwater. 





The waterfowl! (family Anatidae) 
consist of two subfamilies and eight 
tribes. Two tribes of the subfamily 
Anserinae, the swans (tribe Cygni- 
ni), and the geese (tribe Anserini), 
are not included in the following 
discussion because of their rarity 
in southwest Florida. 


Surface-feeding ducks (subfam- 
ily Anatinae) include the mallard, 
American black duck, mottled duck 





(Anas fulvigula), wood duck (Aix 
sponsa), teals, northern § shoveler 
Anas clypeata), American widgeon 
(Anas americana), gadwall, and 
northern pintail. These ducxs do 
not generally dive for food but 


rather tip up vertically to feed on 


vegetation, infauna, and small fish 
in shallow waters. Most of these 
species inhabit both fresh and 


brackish waters, while a few (wood 
duck and American widgeon) prefer 
fresh waters. In south Florida, 
most of ihese ducks are winter resi- 
dents only. The exception is the 
Florida duck (Anas fulvigula fulvi- 
ula), a subspecies of the mottled 
duck that is a permanent resident of 
peninsular Florida (Sprunt 1954). 
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Whistling ducks (tribe Den- 
drocygnini) are represented by the 
shy fulvous whistling duck (Dendro- 
cyona bicolor). This duck feeds 





affinis), 


nocturnally upon aquatic as well as 
terrestrial vegetation. Like other 
surface-feeding ducks it does not 
dive but tips and feeds from the 
surface. 


Bay ducks (tribe Aythyini) are 
the scaups (Aythya marila and A. 
redhead ‘A. americana), 
and ring-necked duck (A. collaris). 
These birds seem to prefer protected 
coastal bays and river mouths for 
their wintering grounds. Unlike the 
surface feeders, bay ducks dive 
beneath the water surface where they 
swim in search of feod. Generally 
they eat more animal food than the 
surface feeders. 








Stiff-tailed ducks (tribe Oxyu- 
rini) are represented, occasionally, 
by one species, the ruddy duck 
(Oxyura jamaicensis). This small, 
stubby duck sits rather low in the 
water and dives predominantly for 





animal food. It overwinters in 
Florida from late October to ear!ly 
May. 


Mergansers (subfamily Mergini) 
are commonly represented in the 
winter by the bufflehead, the red- 
breasted merganser ‘Mergus serrato.') 
and infrequently by the hooded mer- 
ganser. The mergansers have long, 
thin bills, modified for seizing 
fish while they swim beneath the 
surface. The red-breasted mergan- 
ser seldom visits inland’ water 
bodies, preferring the coastal 
waters instead. 





The cranes and their allies 
{order Gruiformes) are represented 
by three of the mest abundart float- 
ing aad diving water birds of the 
Fiorida gulf coast, the common 
moorhen (Gall nula chloropus), the 














purple gallinule (Porphyrula marti- 
nica), and the American coot (Fulica 
americana). 
permanent residents, exhibit charac- 
teristics somewhat intermediate 
between wading birds and floating 
birds. It is not uncommon to see 
gallinules and coots feeding along 
the edges of shallow waters, some- 
times wading, sometimes floating but 
most often they dive for food. Their 
diet consists of a mixture of aquat- 
ic insects, benthic infauna, and 
vegetation. The common moorhen and 
purple gallinule tend to prefer 
freshwaters during tne nesting sea- 
son, but move to brackish waters in 
the winter. 








Another resident floating and 
diving water bird is the pied-billed 
grebe (order Podicipediformes, Podi- 
lymuus betes) a small bird that 
prefers shai'ow freshwater and rare- 
ly inhabits brackish waters. An 
accomplished swimmer and rather poor 
flyer, it frequentiy escapes danger 
by diving. The grebe nests from mid- 
April to September. In the winter, 
increased numbers of birds indicate 
that there are some immigrants. Ain 
exclusive carnivore, the diet of the 
pied-hilled grebe consists of 50% 
fish and crayfish and 50% insects 
(Sprunt 1954). 


The last group of floating and 
diving birds is the family Gaviidae 
(loons), represented by the common 
loon (Gavia immer). Arriving in 
late Octobec- or early November and 
departing by April or May, common 
loons spend most of their time in 
coastal bays. Loons spend nearly 
all of their time in the water where 
they feed exclusively on fish. The 
loon often swims very low in. the 
water, giving its head and neck a 
roughly S-shaped profile. Just 
before diving the loon leaps upward 
to gain momentum as it lunges under 
the surface. 


These birds, which are 
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7.5.4 Birds of Prey 





Nineteen species of birds from 
two orders comprise the members of 
this guild in the watershed (Table 
56). Fifteen species of the order 
Falconiformes (hawks, eagles, and 
vultures) are included in this 
group, along with four species of 
owls (order Strigiformes). Cdum 
et al. (1982) added two species, 
the merlin (Falco columbarius) and 
Swainson's hawk (Buteo swainsoni), 
as users of Florida's mangrove 
zone. 








In terms of habitat utilization 
these birds follow a continuum rang- 
ing from extremely broad to extreme- 
ly narrow, and exclusively forest to 
exclusively marsh, and exclusively 
coastal to exclusively inland. Pro- 
minent among those with broad habi- 
tat preferences are the vultures 
(family Cathartidae) represented by 
the turkey vulture (Cathartes aura) 
and the black vulture (Coragyps 
atratus). Their seemingly e/fortless 
soaring takes them over virtually 
all habitats (except urban areas) in 
search of carrion. Although they 
spend much of their time cleaning up 
road kills, they are seldom struck 
by vehicles. The turkey vulture 
is more abundant than the black 
vulture. 


Another species that frequently 
associates with vultures in south 
Florida, is the caracara (Caracara 
cheriway). This subtropical bird, 
a member of the family Falconidae, 
has the greater part of its range 
farther west in Mexico and Central 
America. Like the vultuves, it feeds 
on carrion and tends to restrict 
itself to open prairies, agricul- 
tural lands, and scrub habitats. 








Another group of predatory 
birds (the Accipitridae family) 
prefer upland and coastal marsh 








Table 56. Habitat use and importance toc birds of prey in the Big Cypress 
watershed (adapted from Duever et ai. 1979). 





Mabitat 





Mamuct 
Forcst 


Pine Cypress 


cles Forest 


Mixsed 
Seare 
Forest 


intand 

Marshes, 

Ponds, 

Siowghs Prairies 


Saltwater 
Prairies 
or Marshes 


Coastal 
Marshes 


Coastal! 
Forest 





Forest 
Everglades Kite 
(Rostrhams sociabilis plurbeus) 
Cooper's Hawt ? 2 2 
(Accipiter cooperi') 
Sharp-shinned Hawt 2 2 2 


(Accipiter striatus) 
Northern Harrier 


(Circus cyaneus) 
Broad-winged Hawt 2 2 


(Buteo platypterus) 


Peregrine Falcon 1 


(Falce peregr ines) 


American Kestre! 


(Falco sparverius pauius) 
Megnificent Frigatebire 


(Fregata magni! icens) 
Turkey Vulture 
(Cathartes aura) 
Pliack Vulture 
(Coragyps atretus) 
American Swallow. 3 2 ? 
talled Kite 
(Elanoides for ficates) 
Red-tailed Maet 2 
(Buteo jamaicensis) 
Ret-showl dere! Mawt 2 2 2 
(Buteo | ineatus) 
Short<talled Mawtk 2 1F 2 
(Buteo brachyures) 
Bald Eagie 2 
(Halliaeetus leucocephalus) 
Osprey 1B 18 
(Pandion halisetus) 

Eastern Screech—Ow! 3 ? 
(Otus asio) 

Great Horned Owl 2 2 2 
(Bubo virginianus) 

Common Barone! ’ 
(Tyte alba) 

Barred Owl 1 2 2 
(Strin warita) 





2F 38 2 2 


2 38 2 2 























| 


2 1 


1F 1F 1F 


F 1F 1F 





| 1 * Habitat 
2 * Habitat 
3 = Habitat 
4 = Habitat 
Biank colwm « Habitat probably not used. 
B= Breeding habitat onty. 

F = Feeding habitat onty. 


rarely wsed. 
common'ty assed. 





heavily weed (elimination of habitat cow!ld reduce species 
cr tical fer continuation of species in the general area. 


No letter = Habitat used for both breeding and feeding. 


population in the general area). 








The four members are the 
American swallow-tailed kite (Ela- 
noides forficatus), the red-tailed 
hawk (Buteo jamaicensis), the red- 
shouldered hawk (6. lineatus), and 
the short-tailed hawk (B. brachyn- 
rus). All are primarily forest 


habitats. 
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dwellers, preferring to nest in 
cypress, pine, or oak trees. The 
largest of the four, the red-tailed 
hawk, dines predominantly upon smal! 
mammals (meadow mice), reptiles, 
insects, and crawfish. Smal! birds 


make up another 10% of its diet. As 


, ALIAUL AD 
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its prey suggests, this bird is a 
frequent visitor to upland prairies 
and marshes as well as forests. The 


American swallow-tailed kite prefers 
semiprairie country, a combination 
of prairies, open pine glades, and 
cypress. Its food, primarily snakes, 
lizards, dragonflies, and grasshop- 
pers, is taken on the wing. The 
relatively smali red-shou dered hawk 
is the most abundant and widely 
distributed of the four. Its diet 
consists of small mammals, snakes, 
lizards, frogs, and insects. The 
short-tailed hawk, although a resi- 
dent and breeder in Florida, is 
relatively uncommon, The greater 


part of its range is located in 
Central and South America. 
A third group of predatory 


birds restricts itself to a narrower 
range of uptand habitats. This group 
includes the Coopers hawk and the 
broad-winged hawk, which appear to 
prefer upland forests; the Kestrel, 
which appears to prefer open up- 


lands; and the Everglades kite, 
(Rostrhamus _ sociabilis plumbeus) 








which uses wet prairies and sawgrass 
marshes exclusively. All but the 
Everglades kite are considered un- 
common throughout all of Florida. 
The American kestrel (Falco spar- 
veriusj, and the broad-winged hawk 








(Buteo platypterus; rely heavily 
upon insects orey, while the 
Cooper's hawk _ ~piter cooperii) 





preys on smaller birc:s, mammals, and 
reptiles. The Everglades kite feeds 
almost exclusively upon the apple 
snail (Pomacea sp.) that is found in 
abundance in sawgrass marshes. 





The fourth group includes two 
Species that prefer open areas in 
both marine and freshwater settings. 
The northern harrier or marsh hawk 
(Circus cyaneus) is common in salt 
marshes and to a lesser extent in 
upland freshwater marshes. It feeds 
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primarily on rodents, mice, rabbits, 
particularly cotton rats (Sigmodon 
nispidus), and to some extent on 
birds such as the clapper rail and 
bob white quail. The other member 
of this group is the merlin (Falco 
columbarius) or eastern pigeon hawk, 
an uncommon. usually winter-only 
resident. The merlin is primarily a 
bird-eating hawk, taking shorebirds, 
pigeons, doves, and flickers, as 
well as insects and small mammals. 











A fifth group contains two mem- 
bers, the sharp-shinned hawk (Acci- 
piter striatus) and the peregrine 
falcon (Falco peregrinus), which are 
also bird-eating hawks. These birds 
prefer coastal habitats, but utilize 
freshwater marshes and sloughs. Both 
are occasional winter residents. 








The sixth group includes two 
species, the osprey (Pandion haliae- 
tus) and the bald eagle (Haliaeetus 
leucocephaius), which prefer coastal 
habitats. The origin of this prefer- 
ence, which is clearly stronger for 











the osprey than the eagle, is their 
dependence on fish. The osprey is 
a striking and efficient predator, 


snatching fish from the water sur- 
face with its feet. The’ eagle 
fishes in the same manner, but is 
better known for its habit of rob- 
bing the osprey of its prey. The 
larger eagles generally harass fly- 
ing ospreys until the latter drop 
their prey. The eagles then catch 
the fish, sometimes in midair, and 
leave the ospreys without their 
food. 


The owls are represented by 
four almost exiusively foresi-dwell- 
ing species that only occasionally 
wander over marshes and prairies 
looking for prey. All are well 
adapted to forest hunting with large 
sensitive ears and eyes, and the 
gift of silent flight. The smaller 








eastern screech owl (Otus  asio) 
tends to be more restricted to up- 
land woods than the other three spe- 
cies. The long legs of the common 
barn owl (Tyto alba) are useful in 
capturing prey in marshes and prai- 
ries. The larger barred (Strix 








varia) and great horned owls (Bubo 


virginianus) are more commonly known 
to use wet hammock and swamp forest 
habitats. Although it does not 
appear in Table 56, the burrowing 
ow! (Athena cunicularia) is some- 
times observed in the northern por- 
tion of the watershed (Kale 1978). 
All owls are top carnivores that 
feed on a combination of small mam- 














mals, amphibians and repti‘es, and 
occasionally even large insects. 
7.5.5 Shorebirds 

A combination of factors, i.e., 


preference for coastal habitats and 
Similarity in mode of feeding (prob- 
ing being dominant), sets the shore- 
bird guild apart from other groups. 


Nonetheless, some birds of this 
guild exhibit significant variations 
in their mode of feeding, placing 


them somewhere between the waders 
and probers. Examples are the great- 
er yellowlegs (Tringa melanoleuca), 
American avocet (Recurvirostra amer- 
icana), and clapper rail 
longirostris). Although most of the 
shorebird guild frequent shorelines 
or estuary habitats while in the 
watershed, others do rot (Table 57). 
In southwest Florida, a majority of 
the shorebirds either overwinter or 
are migrating transients. 

















(Rallus 














Five members of this guild, 
namely the clapper rail, king rail 
(Rallus elegans), Virginia rail 
(Rallus limicola), sora  (Porzana 
carolina), and black rail (Later- 
allus jamaicensis), belong to the 
order Gruiformes. The remaining 


birds all belong to the order Char- 
adriiformes, which includes — the 
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oyster catchers (family Haematopodi- 
dae), the plovers (family Charadrii- 
dae), the sandpipers, the turnstones 
and surfbirds (family Scolopacidae), 
and the avocets (family Recurviro- 
stridae). 


Among probing” shore birds, 
morphological differences in bill 
length and structure determine their 
ultimate food source (Recher 1966, 
Green 1968). These differences are 
believed to reduce competition be- 
tween species by functionally parti- 
tioning the infaunal food resources. 
Other factors, such as feeding be- 
havior, flexibility in diet, and the 
use of other habitats also contrib- 
ute to this partitioning. Peterson 
and Peterson (1979) distinguish be- 
tween surface-searching and sha!low- 
probing shorebirds, and the deep- 
probing shorebirds. This delineation 
is based on fundamental differences 
in feeding habits and diets. 


Shallow probers are generally 


opportunistic feeders, taking what- 
ever prey is available in greatest 
numbers; consequently, their diets 


may vary widely depending upon their 
location. From experiments con- 
ducted elsewhere along the coast 
(Schneider 1978) it can be assumed 
that shallow probers have at least 
some effect on the composition and 
abundance of intertidal and beach 
fauna. Since many of these birds are 
either winter residents or migrants, 
their predatory effect is probably 
greater in’ winter than at other 
times of the year. 


In addition to morphological 
differences, the shallow’ probers 
also differ among themselves with 
regard to their feeding habits. 


Some, such as the probers and smal- 
ler sandpipers, feed by sight, com- 
moniy preying upon surface fauna in 
sea wrack or sand. Others such as 
the semipalmated sandpiper (Calidris 








Table 57. Habitat use and importance to probing shorebirds in 
Cypress watershed (adapted from Odum et al. 1982). 



















































































Common Name Season of Habitat 
(Latin Name) Abundance Occurrence* food Habits Preferences 
Order Gruiformes 
King Rail Common Yr Beetles, grass- Marshes, mangroves 
(Rattus elegans) hoppers, aquatic 
bugs 
Clapper Rai! Unc ommon- Yr Crabs, shrimp Saltmarsh, mangroves 
(Ratlus longirostris) common 
Virginia Rail Rare “ Beetles, snails Marshes, mangrove, 
(Ratius fimicola) spiders, berries 
Sora Uncommon * Insects, seeds of Marshes, mangroves 
(Porzana carolina) locally emergent aquatic 
abundant plants 
Black Kail Rare a Beetles, smails, Dry fields, salt marshes 
(Lateralius seeds 
jamaicens:s) 
Order Charadrifoimes 
Family Charadridae 
Semipaimated Plover Locally w,T Crustaceans, Beaches, inland fields, 
(Charadrius common insects, mollusks mudflats, sandbars 
semipalmatus ) worms 
Wilson's Plover Locally Yr Crabs, shrimp, Beaches, mudflats 
(Charadrius common crayfish 
wilsonia) 
Piping Plover Common w,T Crustaceans, Beaches, coastal mudflats 
(Charadrius melodus) mollusks 
Cuban Snowy Plover Yr Crustaceans, Beaches, mudflats 
(Charadrius alexandrinus mollusks 
tenuirostris) 
Killdeer Yr Insects Beaches, lake shores, 
(Charadrius vociferus) fields, prairies 
Biack=bellied Plover Common Yr Crabs, mollusks Beaches, iake shores, 
(Pluvialis squatarola) small fish, worms, 
insects 
Family Scolopacidae 
Least Sandpiper Common w,T Pupae of beetles Beaches, mudflats, 
(Calidris minutilia) and flies inland ponds, marshes 
Short-billed Dowitcher Common W,T to Yr Mollusks, Beaches, marshes, chiefly 
(Limnodromus griseus) crustaceans coastal but some inland 
Long-billed Dowitcher Uncommon an Aquatic insects, Beaches, marshes, chiefly 
(Limnodr omus mollusks, beetles, coastal but some inland 
scolopaceus ) flies, worms 
Stilt Sandpiper Rare-uncommon w,T Chironomids Tidal bays, sounds, interior 
(Catidris himantopus ) ponds, marshes 
Semipaimated Sandpiper Common- w,T Molliusks, insects Beaches, mudflats, marshes 
(Calidris pusilta) abundant 
Western Sandpiper Common- w,T Chironomids Beaches, mudflats, marshes 
(Catidris mauri) abundant 
Ruddy Turnstone Common Yr Insects, crusta- Beaches, marshes, mudflats 
(Arenaria interpres) ceans, mollusks 
Common Snipe Uncommon w,T Mollusks, insects, Mangroves, meadows, 
(Gallinago gallinago) worms shortgrass marshes 
Long-billed Curlew Rare- w, T Crustaceans, Marshes, mudflats, 
(Numenius americanus) uncommon insects beaches, mangroves 
Whimbre!l Uncommon w,T Mollusks, crus- Marshes, mangroves, 
(Numenius phaeopus ) Un common w,T taceans, worms, beaches, mudflats 
insects 
Spotted Sandpiper Abundant W,T =- Yr Mollusks, crus- Rivers, ponds, sloughs, 
(Actitis macularia) taceans canais, beaches, mudflats 
(continued) 
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Table57 (Concluded). 
[Common Name Season of Habitat 
{Latin Name) Abundance Occurrence* Food Habits Preferences 
Solitary Sandpiper Lommon w,T Crustaceans, small Upland swamps, wet meadows, 
(Tringa solitaria) frogs, aquatic ponds, creeks 
insects 
Willet Common Yr Crabs, crayfishes Beaches, mudfiats, mangroves 
(Catoptrophorus semipalmatus) killifishes 
Greater Yeltlowlegs Common w,T Fishes, crabs, Beaches, mudflats 
(Tringa meltanoleuca) crustaceans 
Lesser Yellowlegs Common w,T Snails, mollusks, Beaches, mudflats 
(Tringa flavipes) crabs 
Red Knot Uncommon w,T Marine worms, Beaches, mudflats 
(Calidris canutus) crustaceans 
Duntin Common a Marine worms, Beaches, mudfiats 
(Caltidris alpina) mollusks 
White-rumped Sandpiper Rare T Chironomids, Beaches, marshes, salt and 
(Catidris fuscicoltis) snails, some seeds fresh 
Marbled Godwit Rare- cy Crustaceans, seeds Mudflats, sandfiats 
(Limosa fedoa) common of emergent aquatic 
plants, mollusks 
American Woodcock Yr Earthworms, Uptand forests 
(Scolopax minor ) cutworms, grass- 
hoppers, mayflies 
Pectoral Sandpiper Uncommon- S,F,T Crickets, grass- Grasstands, freshwater marshes 
(Calidris melanotos) common hoppers, insects 
Purple Sandpiper Rare w,T Beach, rock, jetties 
(Calidris maritima) 
Sanderling Common W,T = Yr Mollusks, Beaches 
(Calidris alba) crustaceans, 
sandfieas, marine 
worms 
Famils Kecurvirostidae 
American Avocet Uncommon 7,7 Marine worms, Fresh and Salt water marshes 
(Recurvirostrs aquatic insects, mudfiats 
americana) tubers 
Black-necked Stilt Common S Aquatic beetles Mudflats, coastal and intand 
(Himantopus mexicanus ) marshes, lake and pond margins 
Family Haematopodidae 
American Oystercatcher Rare s,T Oysters, other Mudfiats, beaches, 
‘Haematopus palliatus) mollusks oysterbars 
4Y¥r = year round resident 
S = Summer resident 
W = Winter resident 
T = Transient, present during soring and fall migrations 








pusilla) and sanderling (C. alba) 
feed by probing in the substrate. 
Their bills are intricately innerva- 
ted with sensory nerves that facili- 
tate prey location and capture. Prey 
selection may also play a role in 
resource partitioning by minimizing 
spatial overlap between species. 
Certain species such as the ruddy 
turnstone (Arenaria interpres) tend 
to prefer hard substrates that sup- 
port their favorite prey. Others 
such as the clapper raii stick to 
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the high portions of salt marshes 
and only occasionally venture out 
onto mudflats at low tide. 


Two species, the long-billed 
(Limnodromus scolopaceus) and the 
short-bilied dowitcher (L. griseus), 
belong somewhere between the shal- 





low- and deep-probing categories. 
Although their bills are long, 
they frequently feed more like 


the shaliow probers than the deep 
probers. Another species, the 


A“ t py AV AN ABLE 











American oystercatcher (Haematopus 
polliatus), feeds when possible on 
oysters and other large mollusks. 
For this reason it is hard to place 
the oystercatcher in either cate- 


gory. 








The deep-probing shorebirds 
include such species as the willet 
(Catoptrophorus semipalmatus), the 
marbled godwit (Limosa fedoa), and 
the long-billed curlew (Numenius 











americanus). Their anatomical equip- 
ment is suited for reaching deeper 
into the sediment to obtain a dif- 
ferent food source. Their generally 
greater size also allows them to 
take larger prey. The most common 
deep prober in the beach environment 
is clearly the willet. This bird 
often exhibits aggressive behavior 
toward other probing shorebirds, 
frequently causing them to forfeit 
their prey. 





7.5.6 Aerially Searching Birds 





Although the birds of this 
guild (Table 58) are largely estua- 
rine, many of them frequent a vari- 
ety of other habitats as well. One 
species, the belted kingfisher 
(Ceryle alcyon), prefers freshwater 
wetland habitats. Of the gulls, the 
ringbilled gull (Larus delawarensis) 
is most commonly found inland. The 
herring (L. argentatus), laughing 
{L.  atricilla), and  Bonaparte's 
gulls (L. philadelphia) tend to be 











strictly coastal and venture only 
occasionally to inland lakes, agri- 
cultural fields, or dump sites. The 


terns as a group tend to restrict 





themselves to coastal habitats. 
Some, like Forsters tern (Sterna 
forsteri), are regularly reported 
from Lake Okeechobee, but coastal 
embayments, marsh and mangrove 


ponds, and offshore waters are pre- 
ferred. Theblack skimmer (Rhychops 





niger), probably because of its uni- 
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que fishing tactics, tends to prefer 
large bodies of calm inland and 





coastal waters. When skimming is 
not possible, the bird has been 
known to wade and probe for small 
fishes in shallow pools. The fish 
crow (Corvus ossifragus), tends to 
prefer estuarine over freshwater 
habitats. 


Birds of this guild are either 
piscivorous or omnivorous. The acro- 
batic terns are the fish eaters of 
this guild and hover 20 to 30 m (66 
to 98 ft) above the water in search 
of surface-feeding fishes. When prey 
is sighted they make a spectacular 
dive into the water. Prey selectiv- 
ity is probably a function of the 
size of the bird and the available 
fish. The Caspian tern (Sterna 
caspia), the largest tern, has been 
known to take mullet, menhaden, and 
sardines. Smaller birds such as the 
least tern (S. antillarum), select 
smaller fish. Fish is also heavily 
favored as food by the belted king- 
fisher, which may be seen perching 
on cypress branches or on power 
lines above roadside ditches. When 
the kingfisher locates a likely prey 
it dives down into the water in a 
manner similar to that of terns. The 
black skimmer, because of its unique 
anatomy and mode of feeding, is also 
dependent almost exclusively upon a 
fish diet. 





Omnivory is common among the 
gulls. They make use of beaches, 
mudflats, open bays, offshore wa- 
ters, inland lakes, fields, marshes, 
and even urban settings. One of 
their most conspicuous centers of 
congregation is at garbage dumps. 
Along the coast their diet consists 
of fish, insects, and other small 
marine fauna. Inland, they feed on 
soil arthropods, possibly earthworms 


and, at landfills, on garbage. The 
use of inland habitats for food and 
shelter by gulls is seasonal in 


it 








nature and associated with adverse 
weather. 


Three of the four gull species 
listed in Table 58 - _ ringbilled 
gull, Bonaparte's gull, and the her- 
ring gull - overwinter in southwest 
Florida. Although the laughing gull 
is the only true year- round resi- 
dent gull, it apparently does not 
nest in the Caloosahatchee River/Big 
Cypress watershed. 


Probably the most omnivorous 


bird of this guild is the _ fish 
crow, which belongs to this guild 
because of its predilection for 


searching for eggs and exposed young 
in rookeries of herons, ibises, and 
other seabirds. Other foods are 
small fishes, crabs, shrimp, mol- 
lusks, and numerous types of wild 
fruit including palmetto berries, 
dogwood, sour gum, red bay, and 
others. Even turtle eggs are some- 
times consumed. 


The Florida Committee on Rare 
and Endangered Plants and Animals 
(Kale 1978) iists 44 taxa of birds 
from the Caloosahatchee River/Bia 
Cypress wacershed (Table 59). This 
list includes all of the wading 


Table 58. Habitat use and importance to aerially searching birds in the Big 
Cypress watershed (adapted from Odum et al. 1982). 





Common Name Season of 


Habitat 












































(Latin Name) Abundance Occurrence* Food Habits Preferences 
Herring Gull Un commen a” Fish, mollusks, Beaches, mudflats, 
(Larus argentatus) crustaceans bays, offshore coasts 
Ring-billted Gul! Common w,T Fish, insects Beaches mudflats, bays, 
{Larus delawarensis) mollusks offshore coasts,iniand lakes 
Laughing Gul! Common Yr Fish, shrimp, Beaches, mudflats, 
(Larus atricilla) crabs bays, offshore coasts 
Bonaparte's Gul! Uncornemon a Fish, insects Beaches, mudflats, 
{Larus philadelphia) bays, offshore coasts 
Gullebilled Tern Uncommon Yr Grasshoppers, 
(Sterna dragonflies, crabs 
nilotica) 
Forster's Tern Un common- A Fish Offshore coasts, mudflats, 
(Sterna fosteri) C Ommo n bays, takes, ponds 
Common Tern Un common a Fish Offshore coast, mudflats, 
(Sterna hirundo) bays, marsh ponds 
Least Tern Common S Fish Offshore coasts, mudflats, 
(Sterna antillarum) bays, marsh ponds 
Royal Tern Common w,T Fish Offshore coasts, mudflats, 
(Sterna maxima) bays, marsh ponds 
Sandwich Tern Uncommon Yr Fish Offshore coasts, mudflats, 
(Sterna sandvicensis) bays, marsh ponds 
Caspian Tern Uncommon Aw Fish Offshore coasts, mudflats, 
(Sterna caspia) bays, marsh ponds 
Black Skimmer Common Yr Fish Estuarine bays, pools 
(Rynchops niger) 
Belted Kingfisher Common Yr Fish, Berries Marshes, sloughs, mudflats, 
(Ceryle alcyon) shallow waters, roadsides 
Fish Crow Common Yr Fish, crabs, Anywhere, preferably near 
(Corvus ossifragus ) shrimp, mollusks, water 
eges, berries 











a year round resident 


Summer resident 
Winter resident 


fr = 


~itwuw< 


Transient, present during spring and fall migrations 
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Table 59. Endangered, threatened, rare, and special concern 
Caleosahatchee River/Big Cypress 


species of birds in the 


watershed (adapted from Kale 1978). 








ENDANGERED SPECIES 


Wood Stork? 
(Mycteria americana 
Florida Everglade Kite!.3 
(Rostrhamus sociabilis piumbeus) 
Peregrine Faicon'. 











(Falco peregt ines) 
Cuban Snowy Plover 





lvory-Bllled Woodpecker’? 
et pciecipatlis) 

Re ckhaded Woodpecker': 
(Picoides borealis) 

Florida Grasshopper Sparrow? 
(Armodramus savannarum fioridanus) 

Cape Sable Seaside Sparrow , 
(Anmospiza maritima mirabilis) 





THREATENED SPECIES 





Eastern Brown Pelican'.4 
(Pelecanus occidentalis carolinensis) 
Rothchiid's Magnificent Frigate-bira* 


(Fregata magnificens rothschiidi) 
Southern Baid Eagte'.* 








(Charadrius alexandrinus tonuirostris) 


(Hallaeetus leucocephalus leucocephalus) 


i nS 





Florida Great White Heron* 
(Ardea herodias occidentalis) 
Great Egret? 
(Casmerodius albus) 
Little Blue Heron> 
(Egretta casruiea) 
Snowy Egret? 
(Egretta thula) 


Tricolored Heron> 


(Egretta tricolor) 
Black-crowned Night-Heron5 


(Nycticorax nycticorax) 


Least Bittern? 


(Ixobrychus exiltis) 
Yellow-crowned Ni ght—Heron 


(Nycticorax violaceus) 
Glossy Ibis 


(Plegadis faicinelius) 
White Ibis? 

(Eudocimus albus) 
Coopers Hawt 

(Accipiter cooperii) 
Limptin 

(Aramus guarauna) 
Piping Plower 

(Charadrius melodus) 























Osprey* 
(Pandion hal laetus) 
Southeastern American Kestret4 
(Falco sparverius paulus) 
Audubon's Caracara® 








(Potyborus cheriway audubon! ) 
Fiorida Sandhill Crane 


(Grus canadensis pratensis) 
American Oystercatcher*® 
(Haematopus palliatus) 
Least Tern 
(Sterna antillarum) 
Fierida Scrub jay* 
(Aphelocoma coerulescens coerulescens) 











RARE SPECIES 


Reddish Egret 
(Egretta rufescens) 
Roseate Spoondii! 


(Ajata ajaja) 


Black-shouldered Kite 

(Elanus caeruleus majusculus) 
Short-talled Hawt 

(Buteo brachyurus fuliginosus) 
Mangrove Cuckoo 


(Coccyzus miner) 
Black-whiskered Vireo 


(Vireo aititoguus) 








Royal Tern 
(Sterna maxima) 
Sandwich Tern 
(Sterna sandvicensis) 
Biack Skimmer 
(Rynchops niger) 
Florida Burrowing Ow! 
{(Athene cunicularia fior!dana) 
Southern Hairy Woodpecker 
(Picoides villosus auduboni ) 
Marian's Marsh Wren 
(Cistothorus paiustris marianae) 
Florida Prairie Warbler 
(Dendroica discolor paltudicota) 
American Avocet 
(Recurvirostra americana) 























STATUS UNDETERMINED 





Mertin 

(Falco cotunbarius) 
Florida Clapper it 

(Railus tonrgirostris scottii) 
Black Rail 


(Lateratius jamaicensis) 








. 


Listed as Endangered in Endangered and Threatened Wildlife and Piants. 


U.S. 





Dept. of interior, Fish and Wildlife 
No. 135, July 14, 1977: 36420-36431. 
Listed as Threatened in abowe public 


Effective July , 1977. 
Listed as Threatened in above public 
These species are not considered ind 





Service. Federal Register, Vol. 42, 


Listed as Endangered in Wildlife Code, Fiorida Game and Fresh Water Fish Comm. 


ividwally endangered. They are included 


because their wetlands habitat is considered to be of special concern, and 





of the highest priority for preservation. 
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birds plus a number of species that 
deper.d on beaches and coastal wet- 
lands. Cumulative habitat altera- 
tions are one of the primary reasons 
for the decline of many of these 


7.6 MAMMALS 


Thirty-four species of iand mam- 
mals have been identified or pro- 
jected to be found in the Caloosa- 


species. Two other factors that may hatchee River/Big Cypress watershed 
be responsible for the decline of (Table 60). The list is compiled 
some species are their naturally from a number of sources including 


limited range within the state and 
their specialized habitat require- 
ments. The Florida scrub jay and 
the everglades kite are two good 
examples. Their inflexible set of 
food and habitat requirements make 
them especially vulnerable to habi- 
tat alterations. 


Burt and Grossenheider (1964), 
Duever et al. (1979), SFRC (1960), 
and Odum et al. (1982). For some 
species, habitat occurrence is left 
blank or marked with an "X" to indi- 
cate their presence only. Further 
designation is not possible because 
of the scarcity of information. 


Table 60. Habitat use and importance to land mammals in the Caloosahatchee 
River/Big Cypress watershed (adapted from Duever et al. 1979). 

































































Habitat | 
— —— intand ee — | 
Vinced Marshes, Saltwater j 
Pine Harwne cb L_ypress Seam Ponds, Coastal Coastal Prairies 
Species Forest forest Forest Forest Sioughs Prairies Forest Marshes of Warshes Feed Source | 
Carnivores | 
Florida Panther ; ? Ff si ? eer rabbits 
(Felis concolor mice birds | 
Bobcat 2 2 ¢ 1% 2 Rabbits, squirrels 
(Lyne rufus) és 
Mink 1f ‘wna! | vera: 6 fogh 
(Mustela vison) frogs snakes 
Gray Foe 4 1 1 1% Sonal |) mera! « hirds | 
(Urocyon cinereoargenteus 
Striped Stunt ; ’ f ' Bird eges, young 
(Mephitis mephitis frogs nice larger 
imwertebrates | 
Eastern Spotted Stunt 3 1" ’ Mice birds, eggs 
(Spi togate putorius nserts, carrion 
some wegetabie 
matter 
River Otter tavtish fish 
(Lutra canadensis) mussels, youre 
ailigators 
Domestic Dog 
(Canis @aomesticus) 
Long-tailed Wease! ? weal! mermals 
(Mustela frenmate) 
Domestic Cat 
(Felis catus) 
Short~«tailed Shree 2 ; insects orm 
(Blarina brevicauda) smalls, youre mice 
Least Stree 2 ? “ +. worm 
(Cryptotis parva) sna 
Insectivores 
Eastern Yellow Bat 2 insects, nocturnalty 
(Lasivrus tntermedi us) on the wine 
Evening Bat ? Pal ?' 1B ? Al ‘ Pal ? insects, focturnalty 
(Nycticrios Hameralis) on the wing 
Brazilian Freeetailed Bat IMSeCTS, HOcturnally 
(Tadarida brasiliensis) on the wing 
Southeastern Big-eared Bat Insects, nocturmalty | 
(Plecotus ratinesquii) on the ong 
Merbivores | 
White-tailed Deer ’ 2 " 2 1" 2 Lvergent aquatic 
(Odocoileuws virginianus) vegetation, grasses 
Marsh Rabbit ' ? ? ? ? ' tmergent aquatic | 
(Syivilages palustris) vegetation oe 
rhirewes afd ba lbs | 
Eastern Cottontail 3 2 Vegetation 4s seve 
(Syivilagus flor idanus) bark and twigs 
Marsh Rice Rat 2 2 2 2 ween wecetation | 
(Oryzomys palustris) . seeds 
(continued) 
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Table 60 (Concluded). 


























(Pevomyscus gossypinus) 
House Mouse 

(Mus musculus) 

Eastern Mole 

(Scalopus aquaticus) 
Southern Fiving Squirrel 
(Glaucomys volans) 








Habitat 
Iintand 
Vised Marshes, Sai twater 
Pine Hammock Cypress Sean Ponds, Coastal! Coasta! Prairies 
Species Forest Forest Forest Forest Siowghs Prairies Forest Marshes of Warshes Food Source 
Eastern Gray Squirre! 1 3 2 3 Nuts, seeds, fungi, 
(Scivriws caroliniensis) s9e8ts, comes 
Margrove fox Squirrel 3 1 1 3 1 Nuts, fruits, seeds, 
(Sciurias niger avicennia) fungi,teigs, berries 
(mm i vorgs 
Black Bear 2 2 2 2 1f ! 2 Berries, nuts, 
(Ursus americanus) tubers, mesects, 
—E egas, larvae, wall 
marmrais, honey, 
carrion, garbage 
Raccoon ? ? ? ? 1 a 2 1 1 Crayfish, frogs fish 
’ frwit, seeds, insect 
{Procyon lotor) vn 
Virginia Opossum 2 2 ’ 2 2 1 1 Fruits, ber. ies 
(Dideiphis virginiana) insects, frogs, 
snakes, omall birds 
marmais, and eggs 
Wild Hog 2? 2 ?F 2t 2F Berries, nuts, grubs 
(Sus scrofa) insects, twhers, 
— —— snakes. 
Nine-banded Armaditio 3 3 insects, berries, 
(Dasypus nove inctus) fruits, bird eggs, 
snake eggs. 
Rownd-tailed Muskrat A ? Water plants, 
(Neofiber alleni) crayfish 
Black Rat Insects, garbage, 
(Rattus rattus) vegetable matter 
HMispid Cotton Rat 2 iF a ? ? 1 1 i Vegetable matter, 
(Sigmodon hispidus) bird eges. 
Cottor Mouse 3 2 ’ 2 fF 1 Ff Seeds. insects 


Anything edibdte. 
Worms, imsects, 
vegetable matter. 
Nuts, berries, bird 
egaes, seeds, imsects 














1 = Mabitat rarely used. 
2 = Habitat commonly used. 
3 * Habitat heavily used (elimination of habitat could reduce species population in the general area). 
4 = Mabitai critical for continuation of species in the general area. 
Biank column ~ Habitat probably not used. 
B = Breeding habitat only. 
F = Feeding habitai onty. 
No letter «= Habitat used for both breeding and feeding. 
The 34 species in Table 60 mammals in Table 60 are considered 


represent 69% of the 49 mammalian 
species recognized in Florida (Layne 
1978). Virtually all of the species 
listed are of North America origin. 
This extension of a temperate fauna 
into the subtropics accompanies what 
appears to be an extensive differen- 


tiation of some species populations 
into several races. Such differen- 
tiation is believed to result from 


the frequent isolation of populations 
and subsequent genetic drift during 
fluctuating sea levels of the late 
Pleistocene era (Layne 1974, 1978) 
rather than adaptation resulting from 
invasion into unexploited subtropical 
habitats. Although listed under their 
genus and species names, some of the 
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subspecies endemic to south or penin- 
sular Florida. These inciude the 
mangrove fox squirrel (sub-species 


avicennia), the Florida panther (sub- 


species coryi), the black bear (sub- 
species floridanus), the longtailed 
weasel (sub-species peninsulae), the 
everglader mink (sub-species luten- 
sis), and the shorttailed shrew (sub- 
species shermani). 





In addition to land mammals, 
eight species of aquatic and marine 
species are also considered part of 
the total mammalian fauna (Table 61). 
Only two of these species, the mana- 
tee (Trichechus manatus) and the bot- 
tlenose dolphin (Tursiops truncatus), 








Table 61. Aquatic and marine mammals 
found in the Caloosahatchee River/ 
Big Cypress watershed (adapted from 
Caldwell and Caldwell 1973, and 


Schmidly 1981). 





West Indian Manatee 
Trichechus manatus latirostris 
Atlantic Bottlenose Dolphin 
Tursiops truncatus 
Atlantic Spotted Dolphin 
Stenella plagiodon 
Minke Whale 
Balaenoptera acutorostrata 
Short-finned Pilot Whale 
Globicephala macrorhyncha 
Sperm Whale 
Physeter catodon 
California Sea Lion 
Zalophus californianus 
Killer Whale 
Orcinus orca 
Antillean Beaked Whale 
Mesoplodan europaeus 
False Killer Whale 
Pseudorca crassidens 
*Humpback Whale 
Megaptera noracangliae 
*Striped Dolphin 
Stenella coeruleoalba 


*sighted about 40 miles (65 Kn) 
offshore of the watershed. 















































are seen with any regularity. The 
manatee frequents both fresh and 
estuarine waters. Factors that deter- 


mine whether a particular site is 
suitable for manatee use are the 
availability of vascular aquatic 


vegetation, proximity to channels at 
least 2m (7 ft) deep, recourse to 
warm waters during cold snaps, and a 
source of freshwater. Sightings in 
the watershed include the Calovsa- 
hatchee River and Fahka Union Canal 
(Layne 1973). The manatee is a strict 
herbivore with no known predators. 
It is apparent that cold weather, 
shoreline development, pollution, and 
injuries from boat propellors limit 
the survival of manatees in Florida. 
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The bottlenosed dolphin is strictly 
marine and only seldom visits estu- 
arine waters. 


Nine taxa of mammals from the 
watershed which are either endanger- 
ed, threatened, rare, of special 
concern, or status undetermined are 
listed in Table 62 (Layne i978). 
Included are four of the larger 
mammals, the panther, the black bear, 
and two species of the genus Mustela. 
These four taxa generally thrive only 
in unimpeded open areas that support 
a mixture of aquatic and terrestrial 
habitats. The present watershed re- 
mains as one of the few locations in 
Florida where large areas are rela- 
tively undisturbed and the habitats 
are suitable for their survival. 


Table 62. Endangered, threatened, 
rare. and special-concern species of 
mammals in the Caloosahatchee River / 
Big Cypress watersheds ( adapted from 
Layne 1978). 





Status 


Mangrove Fox Squirrel? 








Sciurus niger avicennia E 
Florida Panther!» 

Felis concolor coryi E 
Florida Black Bear? 

Ursus americanus floridanus T 
Everglades Mink3 

Mustela vison evergladensis T 





West Indian Manatee 
Trichechus manatus latirostrus T 
Florida Weasel 








Mustela frenata peninsulae R 
Round-tailed Muskrat 

Neofiber alleni ssc 
Sherman Short-tailed Shrew 

Blarina brevicauda shermani UD 





Pine Island Rice Rat 


Oryzomys palustris planirostris uD 
Insular Cotton Rat 


Sigmodon hispidus insulicola UD 
Listed os Le@ergered ty the U.S. Geet. of teterter as ef SS 


2 Lieted 0s Cetengered te Ohe @TNETI Te Code, Fier tee Game ene Frevtenter 
Fie® Carwlestoe os @f fete TOT? 
5 Lbenee os Threatened fs eho @HNeti te Code Fiert@e Game end Freetwater 


Fist Cornwmi 9 tee a)! isl 1977. 
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